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ABSTRACT
T h is  s tu d y  p re s e n ts  a n  a n a ly s is  o f  fa c to rs  re la te d  to  s e le c te d  M D G s  in  e d u c a t io n ,  h e a lth  a n d  w a te r  
a n d  s a n ita t io n  in  N ic a ra g u a .  U s in g  a v a i la b le  h o u s e h o ld  s u rv e y  d a ta , c o m p le m e n te d  w i t h  s e le c te d  
s u p p ly  s id e  d a ta , e m p ir ic a l e c o n o m e tr ic  m o d e ls  o f  e d u c a t io n  e n ro lm e n t ,  c h i ld  m o r t a l i t y  a n d  th e  
p r o v is io n  o f  w a te r  a n d  s a n ita t io n  a re  e m p lo y e d  to  e x a m in e  th e  r e la t io n s h ip  o f  in d iv id u a l ,  
h o u s e h o ld  a n d  m u n ic ip a l fa c to rs  t o  th e  a c h ie v e m e n t  o f  th e s e  M D G s .  T h e  M D G  f o r m u la t io n  a ls o  
p ro v id e s  f o r  a c o m p a r is o n  o f  t w o  d i f f e r e n t  m o d e l l in g  m e th o d o lo g ie s ,  th e  s ta n d a rd  lo g i t  
e s t im a t io n  f r a m e w o r k  a n d  th e  a p p lic a t io n  o f  a  p ro p o r t io n s  e s t im a t io n  m e th o d o lo g y  a t th e  
m u n ic ip a l le v e l .  T h e  r e s u lts  a re  a n a ly s e d  in  te rm s  o f  th e  m o d e l t r a c ta b i l i t y  a n d  id e n t i f ic a t io n  o f  
th e  m a jo r  c o v a r ia te s .
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IN T R O D U C T IO N  1
N ic a ra g u a ,  a lo n g  w i t h  th e  o th e r  m e m b e r  s ta te s  o f  th e  U n i t e d  N a t io n s ,  h a s  c o m m it te d  i t s e l f  t o  
a c h ie v in g  th e  M i l l e n n iu m  D e v e lo p m e n t  G o a ls  ( M D G s ) ,  a  s e r ie s  o f  e ig h t  d e v e lo p m e n t  ta rg e ts  th a t  
m u s t  b e  a c h ie v e d  b y  2 0 1 5 ,  w i t h  p ro g re s s  m e a s u re d  a c c o rd in g  to  t h e i r  le v e ls  as a t  1 9 9 0 . T h e  
M D G s  e n c o m p a s s  a b ro a d  ra n g e  o f  d e v e lo p m e n t  th e m e s ;  w e a l th ,  e d u c a t io n ,  g e n d e r  e q u a li ty ,  
h e a lth ,  d ise a se , th e  e n v ir o n m e n t  a n d  s o c ia l c a p ita l.  T h e  g o a ls  a re  p re s e n te d  in  ta b le  1 b e lo w .
T a b l e  1
T H E  M I L L E N N I U M  D E V E L O P M E N T  G O A L S
G o a l D e s c r i p t i o n
M D G  1 E r a d i c a t e  e x t r e m e  p o v e r t y  a n d  h u n g e r
M D G  2 A c h i e v e  u n i v e r s a l  p r i m a r y  e d u c a t i o n
M D G  3 P r o m o t e  g e n d e r  e q u a l i t y  a n d  e m p o w e r  w o m e n
M D G  4 R e d u c e  c h i l d  m o r t a l i t y
M D G  5 I m p r o v e  m a t e r n a l  h e a l t h
M D G  6 C o m b a t  H I V / A I D S ,  m a l a r i a  a n d  o t h e r  d i s e a s e s
M D G  7 E n s u r e  e n v i r o n m e n t a l  s u s t a i n a b i l i t y
M D G  8 D e v e l o p  a  g l o b a l  p a r t n e r s h i p  f o r  d e v e l o p m e n t
S o u r c e :  U n i t e d  N a t i o n s  ( 2 0 0 0 ) ,  R e s o l u t i o n  a d o p t e d  b y  t h e  G e n e r a l  A s s e m b l y ,  ( A / 5 5 / L . 2 ) ,  
5 5 / 2 .  U n i t e d  N a t i o n s  M i l l e n n i u m  D e c l a r a t i o n ,  T h e  G e n e r a l  A s s e m b l y .
T o  d a te  N ic a r a g u a ’ s p ro g re s s  to w a r d s  th e  a c h ie v e m e n t  o f  th e  M D G s  h a s  b e e n  p a tc h y  a n d  
w h i l s t  m e a s u re s  v a r y  i t  s e e m s  u n l i k e ly  th a t  th e  c o u n t r y  w i l l  a c h ie v e  m o r e  th a n  h a l f  th e  M D G s  b y  
2 0 1 5  ( W o r ld  B a n k ,  2 0 0 8 ) .  S in c e  th e  1 9 9 0 s  N ic a ra g u a  h a s  fa c e d  n u m e ro u s  s t ru c tu ra l a n d  
m a c ro e c o n o m ic  s h o c k s  th a t  h a v e  e x a c e rb a te d  i t s  p o o r  p ro g re s s  to w a r d s  th e  g o a ls .
I n  th e  e a r ly  1 9 9 0 s  th e  c o u n t r y  w a s  r e c o v e r in g  f r o m  a w a r  l e f t  o v e r  f r o m  th e  1 9 8 0 s  a n d  th e  
s u s p e n s io n  o f  f in a n c ia l  a n d  tra d e  t ie s  w i t h  in te r n a t io n a l p a r tn e rs , in  p a r t ic u la r  th e  U S ,  l e f t  th e  
m a c ro e c o n o m y  b ro k e n .  D u r in g  th e  d e c a d e  o f  th e  1 9 9 0 s  N ic a ra g u a  im p le m e n te d  a s e r ie s  o f  f is c a l 
a n d  f in a n c ia l  r e fo r m s  w i t h  th e  h e lp  o f  la rg e  a m o u n ts  o f  o v e rs e a s  a id . I t  o p e n e d  u p  t ra d e  a n d  
p r iv a t iz e d  a n u m b e r  o f  s ta te  e n t i t ie s  b u t  th e  im p a c t  o f  H u r r ic a n e  M i t c h  in  1 9 9 8 , a  c o lla p s e  in  c o re
1 This document has its antecedents as a background paper for the UNDP (United Nations 
Development Programme), UN-DESA (United Nations Department o f Economic and Social Affairs) and 
the World Bank joint project titled “Public Policies fo r  MDGs in Latin America and the Caribbean” the 
results o f which were published as an edited volume in 2008 (Vos and others, 2008).
2 Both the Millennium Development Goals and the associated indicators were agreed to by the 
UN member states. The details o f the specific indicators defined for each MDG are available on the 
United Nations website: <http://www.un.org/millenniumgoals/>.
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a g r ic u l tu r a l  e x p o r t  p r ic e s  a n d  a b a n k in g  c r is is  a ro u n d  th e  t u r n  o f  th e  m i l le n n iu m  le f t  th e  c o u n t r y  
in  h u g e  a m o u n ts  o f  e x te rn a l a n d  p u b lic  d e b t. N ic a ra g u a  e n te re d  th e  I M F ’ s H ig h ly  In d e b te d  P o o r  
C o u n t r y  ( H I P C )  d e b t r e l i e f  p ro g ra m m e  in  2 0 0 4  a n d  o b ta in e d  s ig n if ic a n t  a m o u n ts  o f  fo r e ig n  a id  in  
te rm s  o f  e x te rn a l d e b t r e l i e f  a n d  a v a r ie t y  o f  d ire c t  c o n d it io n a l a id  a s s is ta n c e  ta rg e te d  to w a r d s  
s o c ia l d e v e lo p m e n t.
S in c e  b e c o m in g  a s ig n a to r y  t o  th e  M D G s  N ic a ra g u a  h a s  in c lu d e d  th e m  in  i t s  N a t io n a l  
D e v e lo p m e n t  P la n s  ( N D P s )  a n d  i t s  P o v e r t y  R e d u c t io n  S tra te g y  P ro g ra m m e s  (P R S P s ) .  T h e  
r e fo r m s  o f  th e  1 9 9 0 s  a n d  th e  fo c u s  o n  s o c ia l d e v e lo p m e n t  g o a ls  in  th e  n e w  m i l le n n iu m  as w e l l  as 
th e  c o n d i t io n a l i t y  o f  a  v a r ie t y  o f  o v e rs e a s  a s s is ta n c e  h a s  h e lp e d  N ic a ra g u a  to  in c re a s e  i t s  p u b lic  
s o c ia l s p e n d in g  (a s  a  p r o p o r t io n  o f  G D P )  s in c e  1 9 9 0  ( E C L A C ,  2 0 0 8 ) .
T h is  s tu d y  u s e s  N ic a ra g u a n  h o u s e h o ld  s u rv e y  d a ta  to  u n c o v e r  s ig n if ic a n t  d e te rm in a n ts  o f  
th e  in d ic a to r s  f r o m  th re e  s e le c te d  M D G ;  M D G  2 , M D G  4  a n d  M D G  7. T h e s e  g o a ls  w e re  c h o s e n  
b e c a u s e  th e  d a ta  f o r  th e  in d ic a to r s  w a s  a v a i la b le  in  n a t io n a l h o u s e h o ld  s u rv e y s .  I n  a d d it io n  
e d u c a t io n ,  h e a lth  a n d  w a te r  a n d  s a n ita t io n  re p re s e n t s o m e  o f  th e  c o s t l ie s t  c o m p o n e n ts  o f  p u b lic  
s o c ia l e x p e n d itu re  ( H a m m i l l ,  2 0 0 7 ) .
T h is  re s e a rc h  m a k e s  t w o  c o n t r ib u t io n s  t o  th e  l i t e r a tu r e  o n  e m p ir ic a l e s t im a t io n  o f  th e  
M D G s .  F i r s t l y  th e  id e n t i f ic a t io n  o f  s ig n if ic a n t  c h a ra c te r is t ic s  th a t  m a y  a f fe c t  th e  c o m p le t io n  o f  
th e  M D G s  c o u ld  h e lp  in  th e  im p r o v e d  ta rg e t in g  o f  a n t i - p o v e r t y  a n d  s o c ia l d e v e lo p m e n t  
p ro g ra m m e s .  S e c o n d ly ,  t w o  d i f f e r e n t  e c o n o m e tr ic  e s t im a t io n  m e th o d o lo g ie s  a re  e m p lo y e d ,  a 
lo g i t  ty p e  e s t im a t io n  a t th e  in d iv id u a l  le v e l a n d  a p ro p o r t io n s  m e th o d o lo g y  a t th e  m u n ic ip a l le v e l .  
T h e  re s u lts  c o m p a re  th e  d i f f e r e n t  e s t im a te s  a n d  th e  r e la t iv e  s t re n g th  o f  th e  p ro p o r t io n s  
m e th o d o lo g y  v e rs u s  th e  m o r e  c o m m o n  lo g i t  c o u n te rp a r t .  3
T h e  o u t l in e  o f  th e  s tu d y  is  as f o l lo w s .  S e c t io n  2  d e ta ils  a n  a n a ly s is  o f  e d u c a t io n  a n d  th e  
fa c to rs  th a t  a re  re la te d  t o  e n r o lm e n t  a t d i f f e r e n t  e d u c a t io n  le v e ls .  S e c t io n  3 a n a ly z e s  th e  
e s t im a t io n  o f  c h a ra c te r is t ic s  re la te d  to  c h i ld  m o r t a l i t y  a n d  S e c t io n  4  a d d re ss e s  th o s e  th a t  c a n  
a f fe c t  th e  p r o v is io n  o f  w a te r  a n d  s a n ita t io n  s e rv ic e s . S e c t io n  5 c o n c lu d e s  w i t h  c o m m e n ta r y  a b o u t 
th e  m a jo r  c h a ra c te r is t ic s  th a t  a re  re la te d  to  e a c h  o f  th e  M D G s  a n d  a n  a s s e s s m e n t o f  th e  e f f ic a c y  
o f  th e  lo g i t  v e rs u s  th e  p ro p o r t io n s  m o d e ls  f o r  e s t im a t io n  o f  th e  d e te rm in a n ts  o f  th e  M D G s .
3 Whilst the analysis is conducted in a partial equilibrium framework, a third contribution is the 
ability to include these results in CGE models. The results from this study were used to calibrate CGE 
models that incorporate MDGs and provide a solid basis of parametric econometric analysis upon which 
to conduct policy simulations (Sánchez and Vos, 2008).
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I.  E D U C A T IO N
Education is the subject o f  the second M illennium  D evelopm ent Goal (M D G ) and as such is 
acknow ledged as an im portant investm ent for social developm ent. E ducation’s links to  increased 
health and w elfare o f  a country’s population and the decreases in poverty have also m ade it one 
o f  the m ost im portant social policy tools at a governm ent’s disposal. This section presents a 
theoretical m odel and em pirical analysis o f  the access to  education for N icaragua in an effort to 
highlight the barriers to  education and the social and econom ic variables that are m ost related to 
education in N icaragua.
A. EDUCATION IN NICARAGUA AND PROGRESS OF M DG 2
M D G  2, w hich covers education, is the goal o f  universal prim ary education for w hich there are 
three indicators o f  achievem ent; indicator 6 the net enrolm ent ratio in prim ary education w hose 
goal is 100 percent by 2015, indicator 7, the proportion o f  children that start grade 1 and finish 
grade 5 4 and indicator 8, the literacy rate am ongst youths 15 to 24 years old (U nited N ations 
Statistics D ivision, 2006). The official data on the perform ance o f each o f these indicators for 
N icaragua is given in table 2 below.
T a b l e  2
I N D I C A T O R S  O F  A C H I E V E M E N T  O F  E D U C A T I O N ,  M D G  2  F O R  N I C A R A G U A
( P e r c e n t a g e s )
V a r i a b l e C i r c a  1 9 9 0 C i r c a  2 0 0 6 2 0 1 5  t a r g e t
N e t  e n r o l m e n t  r a t e  i n  p r i m a r y  e d u c a t i o n ,  b o t h  s e x e s 7 2 9 1 1 0 0
P r i m a r y  c o m p l e t i o n  r a t e ,  b o t h  s e x e s 6 0 6 5 1 0 0
L i t e r a c y  r a t e  o f  1 5 - 2 4  y e a r  o l d s ,  b o t h  s e x e s 6 8 8 9 1 0 0
S o u r c e :  E C L A C ,  2 0 0 8 .
N icaragua’s perform ance in education has been notew orthy for the high enrolm ent rates 
and the increases in such enrolm ent since 1990, rising from  around 73 percent to  alm ost 92 
percent in 2006. A t an average o f  over 1 percentage point increase in enrolm ent per year, 
N icaragua could be close to  achieving this first indicator by 2015. H ow ever the perform ance o f 
another indicator has been slower. The prim ary com pletion rate increased only 4 percentage 
points in 2006 from  its 1990 level. A t the same tim e there has been a jum p  in the literacy rate 
over the same period by over 20 percent from  68 percent to  89 percent o f  youths being able to 
read and write.
4 An alternative indicator is the primary completion rate.
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B. LITERATURE ABOUT THE FACTORS RELATED TO ENROLM ENT
IN EDUCATION
D e  J o n g  a n d  o th e rs  ( 2 0 0 6 )  c o n d u c te d  a c o s t -e f fe c t iv e n e s s  a n a ly s is  c o m p a r in g  d i f f e r e n t  p o l ic y  
f u n d in g  s tra te g ie s  t o  re a c h  th e  M D G  2  f o r  p r im a r y  le v e l  e d u c a t io n  in  N ic a ra g u a .  T h e  a u th o rs  
d e v e lo p  a th e o r e t ic a l u t i l i t y  m a x im iz in g  m o d e l o f  a tte n d a n c e  b a se d  o n  m o d e l f r a m e w o r k s  f r o m  
G e r t le r  a n d  G le w w e  ( 1 9 9 0 )  a n d  e x te n d e d  b y  B e d i,  K im a lu ,  a n d  o th e rs  ( 2 0 0 4 ) .  T h e  m o d e l a l lo w s  
th e m  to  c o n s t ru c t  a  p r o b i t  m o d e l f o r  th e  p r o b a b i l i t y  o f  a t te n d in g  p r im a r y  s c h o o l b a se d  o n  a se t o f  
e c o n o m ic  a n d  s o c ia l d e m o g ra p h ic  d e te rm in a n ts .
U s in g  L S M S  2 0 0 1  h o u s e h o ld  s u rv e y  d a ta  t h e y  te s te d  a ra n g e  o f  d e m a n d  s id e  in d iv id u a l  
a n d  h o u s e h o ld  d e te rm in a n ts  w i t h  m u n ic ip a l le v e l s u p p ly  s id e  d a ta  o n  s c h o o ls , te a c h e rs  a n d  
fa c i l i t ie s .  T h e  e s t im a t io n s  o n ly  a n a ly z e d  p r im a r y  e n r o lm e n t  a n d  la c k e d  a n u m b e r  o f  v a r ia b le s  th a t  
m a y  in f lu e n c e  e n r o lm e n t  in c lu d in g  h o u s e h o ld  p e r  c a p ita  c o n s u m p t io n ,  th e  w a g e  p r e m iu m  f o r  th e  
c o m p le t io n  o f  p r im a r y  e d u c a t io n  a n d  in f r a s t r u c tu r e  v a r ia b le s .  W h i l s t  m a n y  v a r ia b le s  w e re  n o t  
s ig n i f ic a n t ly  d i f f e r e n t  f r o m  z e ro ,  e d u c a t io n  s p e n d in g , th e  t im e  to  t r a v e l t o  s c h o o l a n d  th e  n u m b e r  
o f  s tu d e n ts  p e r  c la s s ro o m  w e re  s ig n if ic a n t  a n d  n e g a t iv e ly  re la te d  b u t  a l l  q u ite  in e la s t ic  in  th e  s iz e  
o f  t h e i r  e f fe c ts  u p o n  th e  d e c is io n  to  e n ro l.
I n  a d d it io n  to  w o r k  o n  N ic a ra g u a ,  D e  J o n g  a n d  o th e rs  ( 2 0 0 6 )  a ls o  c o n d u c te d  e s t im a t io n s  
o f  e n r o lm e n t  f o r  B o l i v ia  a n d  H o n d u ra s .  I n  th e  B o l i v ia n  case , c la s s ro o m  s iz e  a n d  h o u s e h o ld  
fa c to rs  w e re  s ig n if ic a n t ,  b u t  e d u c a t io n  s p e n d in g  a n d  te a c h e r  q u a l i f ic a t io n s  s h o w e d  n o  s ig n if ic a n t  
e f fe c t  o n  e n ro lm e n t .  F o r  th e  H o n d u r a n  case , th e  te a c h e r  q u a l i f ic a t io n s  w e r e  a g a in  in s ig n i f ic a n t  as 
w a s  th e  s tu d e n t- te a c h e r  r a t io  a lth o u g h  h a v in g  m o r e  th a n  o n e  te a c h e r  in  th e  s c h o o l b o o s te d  th e  
e n r o lm e n t  l i k e l ih o o d .  H o w e v e r  th e  e d u c a t io n  s p e n d in g  a n d  t im e  to  t r a v e l t o  s c h o o l b o th  h a d  
n e g a t iv e  e f fe c ts  o n  p r im a r y  e n ro lm e n t ,  a lth o u g h  th e  m e a s u re s  a re  h ig h ly  in e la s t ic .
W o r k  b y  B e d i a n d  M a r s h a l l  ( 2 0 0 2 )  f o r  H o n d u r a s  e s t im a te d  d e te rm in a n ts  o f  th e  s c h o o l 
a tte n d a n c e  d e c is io n  a n d  s p e c i f ic a l ly  c o m p a re d  th e  o p p o r tu n i t y  c o s ts  v e rs u s  h u m a n  c a p ita l g a in s  
f r o m  e d u c a t io n .  T h e y  fo u n d  th a t  a lth o u g h  o p p o r tu n i t y  c o s ts  w e r e  a  s ig n if ic a n t  fa c to r  in  s c h o o l 
e n ro lm e n t ,  h u m a n  c a p ita l g a in s  w e re  a  la r g e r  p o s i t iv e  d e te rm in a n t .  S u p p ly  fa c to rs  w e re  o n c e  
a g a in  im p o r ta n t  d e te rm in a n ts  o f  e d u c a t io n  a tte n d a n c e . C o n n e l ly  a n d  Z h e n g ,  ( 2 0 0 3 )  f o r  C h in a ,  
D e in in g e r  ( 2 0 0 3 )  f o r  U g a n d a , F u n k h o u s e r  ( 1 9 9 9 )  f o r  C o s ta  R ic a ,  H a n d a  ( 2 0 0 2 )  f o r  M o z a m b iq u e ,  
a n d  H o lm e s  ( 2 0 0 3 )  f o r  P a k is ta n  a l l  u s e  v a r io u s  v e r s io n s  o f  th e  s a m e  p r o b a b i l i t y  m o d e l 
s p e c if ic a t io n  a n d  a l l  f in d  th a t  a  v a r ie t y  o f  p e rs o n a l,  h o u s e h o ld  a n d  s u p p ly  s id e  fa c to rs  a re  
im p o r ta n t  in  d e te rm in in g  e n r o lm e n t  in  e d u c a t io n .  O th e r  s p e c if ic a t io n s  b e y o n d  th e  p r o b a b i l i t y  
m o d e l h a v e  b e e n  fo r m u la te d  a n d  te s te d  in  w o r k  f r o m  A r e n d t  ( 2 0 0 5 ) ,  F e r r e ir a  a n d  L e i t e  ( 2 0 0 3 ) ,  
a n d  G le w e  (1 9 9 6 ,  2 0 0 2 ,  2 0 0 1 ) .
I n  o th e r  s tu d ie s  fo c u s e d  o n  c o u n t r ie s  o u ts id e  o f  C e n t r a l A m e r ic a ,  B e d i a n d  o th e rs  ( 2 0 0 4 )  
m o d e l le d  th e  d e te r m in a t io n  o f  p r im a r y  e n r o lm e n t  in  K e n y a .  T h e  p r o b i t  re s u lts  in  th is  case 
s h o w e d  th a t  s c h o o l in p u ts  w e re  a g a in  a n  im p o r ta n t  d e te rm in a n t  w i t h  th e  e la s t ic i t y  f o r  s c h o o l 
c o s ts  b e in g  -0 .0 3 9  a n d  th e  e la s t ic i t y  f o r  te a c h e r  q u a l i f ic a t io n  0 .3 8 1 ,  a lth o u g h  b o th  a re  s t i l l  
in e la s t ic .  F a m i ly  a n d  h o u s e h o ld  c h a ra c te r is t ic s  a n d  s e x  o f  th e  c h i ld  w e re  n o t  s ig n if ic a n t  in  m o s t
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cases, although the num ber o f  room s in the house w as significant and is a proxy for the w ealth  o f 
the household.
Vos and Ponce (2004) used a theoretical fram ew ork based on that o f  Bedi (2004) to 
estim ate the probability o f  enrolm ent in prim ary education for Ecuador. In this case the dem and 
side cost o f  education w as a significant determ inant o f  enrolm ent bu t w hilst cost o f  education had 
a negative effect on enrolm ent in urban areas, it had a positive effect on enrolm ent in rural areas. 
The opposite pattern w as observed for the num ber o f  students per classroom  w hich had a positive 
effect on enrolm ent in urban areas and a negative effect in rural areas. Teacher training had a 
positive effect on enrolm ent in both areas w hilst the centrally organized appointm ent o f  teachers 
seem ed to  negatively affect the probability  o f  enrolm ent.
A L-Q udsi (2003) used a bivariate probit m odel to  analyze school enrolm ents in five Arab 
nations. H e finds that the cost o f  schooling, distance to  school and lack o f  teachers have a 
significant negative effect on enrolm ents. The opportunity cost o f  w ork is also found to  be a 
negative effect on attending school. To counteract these negative affects, the supply side 
variables o f  education provision and quality w ere very im portant in determ ining enrolm ent.
The range o f  elasticities estim ated by different studies for education enrolm ent is large, 
som etim es changing signs from  positive to  negative relationships and som etim es not significantly 
affecting enrolm ent at all. Exam ples o f  the range o f  elasticities estim ated are given in table 3 
below . The ability to  com pare results is tenuous at best given the different countries, tim e periods 
and em pirical estim ation m odels and strategies em ployed. H ow ever the subset range gives at best 
a very approxim ate indicator o f  the size and sign o f  the effect.
T a b l e  3
R A N G E  O F  E S T I M A T E D  E L A S T I C I T I E S  O F  E D U C A T I O N  E N R O L M E N T  F O R  S E L E C T E D  V A R I A B L E S
( E l a s t i c i t i e s )
T y p e  o f  v a r i a b l e M i n i m u m  s i g n i f i c a n t  
v a l u e
M a x i m u m  s i g n i f i c a n t  
v a l u e
E d u c a t i o n  s p e n d i n g  o r  c o s t  o f  e d u c a t i o n  ( f e e s ,  u n i f o r m s ,  
a n c i l l a r i e s ,  b o o k s )
- 0 . 1 9 7 5 1 . 3 2 3 4
S t u d e n t s  p e r  c l a s s r o o m  o r  s t u d e n t  t e a c h e r  r a t i o - 0 . 0 6 1 0 0 . 1 1 3 0
T e a c h e r s  w i t h  d i p l o m a  o r  t e a c h i n g  q u a l i f i c a t i o n  ( % )  a / - 0 . 4 0 9 9 1 . 6 3 3 1
S o u r c e :  A u t h o r ’ s  c o m p i l a t i o n  f r o m  v a r i o u s  s t u d i e s  ( B e d i  a n d  o t h e r s ,  2 0 0 4 ,  D e  J o n g  a n d  o t h e r s ,  2 0 0 6 ,  V o s  a n d  
P o n c e ,  2 0 0 4 ) .
a /  T e a c h i n g  q u a l i f i c a t i o n s  s h o u l d  b e  i n t e r p r e t e d  w i t h  c a u t i o n  g i v e n  t h e  w i d e  v a r i e t y  o f  d i f f e r e n t  s t a n d a r d s  a n d  
d e f i n i t i o n s  o f  s u c h  q u a l i f i c a t i o n s  a c r o s s  c o u n t r i e s  a n d  t i m e  p e r i o d s .
As shown in table 3 the elasticities for the cost o f  education vary from  nearly -0.2, w hich 
is very inelastic, to  positive 1.3, highly positive and elastic, depending upon the estim ation and 
country under study. Sim ilarly for supply side variables such as the student teacher ratio and the
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te a c h e r  q u a l i f ic a t io n  m e a s u re s , th e  e la s t ic it ie s  v a r y  f r o m  n e g a t iv e  in e la s t ic  r e la t io n s h ip s  to  
p o s i t iv e  a n d  e la s t ic  r e la t io n s h ip s .  T h is  c o m p a r is o n  w h i l s t  d r a w in g  o n ly  v e r y  f r a g i le  l i n k s  b e tw e e n  
th e  re s u lts ,  in d ic a te s  th a t  th e re  s e e m s  t o  b e  l i t t l e  s y s te m a t ic  r e la t io n s h ip  b e tw e e n  e n r o lm e n t  in  
e d u c a t io n  a n d  s im i la r  d e te rm in a n ts  a c ro s s  d i f f e r e n t  s tu d ie s . T h e r e fo r e  i t  b e c o m e s  f a r  m o r e  
d i f f i c u l t  t o  p re d ic t  a p r io r i  w h a t  r e la t io n s h ip  th e  e n r o lm e n t  d e c is io n  is  l i k e l y  h a v e  w i t h  th e  
d e te rm in a n ts  in  th e  case  o f  N ic a ra g u a  as e s t im a te d  in  th is  s e c tio n .
C. EM PIRICA L ANALYSIS OF EDUCATION IN NICARAGUA
1. Education data
D a ta  f o r  th e  e n r o lm e n t  in  e d u c a t io n  b y  e d u c a t io n  le v e l ,  th e  in d iv id u a l ,  h o u s e h o ld  a n d  c o m m u n i t y  
le v e l e f fe c ts  w e re  ta k e n  f r o m  th e  L S M S  2 0 0 1  h o u s e h o ld  s u rv e y  f o r  N ic a ra g u a .  F o l l o w in g  V o s  
a n d  P o n c e  ( 2 0 0 4 )  a n d  D e  J o n g  a n d  o th e rs  ( 2 0 0 6 ) ,  in f o r m a t io n  a b o u t s c h o o lin g  is  a d d e d  to  th e  
s a m p le  u s in g  d a ta  ta k e n  f r o m  th e  M in is t r y  o f  E d u c a t io n .  5 T h is  d a ta  in c lu d e s  th e  n u m b e r  o f  
s c h o o ls  a n d  s tu d e n ts  b y  d i f f e r e n t  e d u c a t io n  le v e ls .  T h e  s c h o o ls  d a ta  is  o n ly  a v a i la b le  a t th e  
m u n ic ip a l le v e l  a n d  so  w a s  m a tc h e d  t o  e a c h  h o u s e h o ld  b y  m u n ic ip a l i t y  o f  th e  h o u s e h o ld .  I n  
a d d it io n ,  w h i l s t  a  p a n e l d a ta  s e t c a n  b e  c re a te d  b a s e d  o n  th e  p a n e l s u b s e t o f  h o u s e h o ld s  c o n ta in e d  
in  th e  2 0 0 1  s u rv e y  th a t  w e re  a ls o  s u rv e y e d  in  th e  1 9 9 8  ro u n d ,  th e  s c h o o lin g  d a ta  f r o m  th e  
M in is t r y  is  o n ly  a v a ila b le  f o r  2 0 0 1  a n d  so  in  t h is  case  th e  e d u c a t io n  d e te r m in a t io n  m o d e l is  b a se d  
o n ly  o n  th e  2001 d a ta .
T h e  d a ta  w a s  s e p a ra te d  a n d  e s t im a te d  in t o  f o u r  e d u c a t io n  ty p e s , th e  e n r o lm e n t  o f  th e  7 
y e a r  o ld  c o h o r t  in t o  g ra d e  1 o f  p r im a r y  s c h o o l,  th e  e n r o lm e n t  in t o  p r im a r y  e d u c a t io n  f o r  th e  
p r im a r y  a g ed  c o h o r t ,  e n r o lm e n t  in  s e c o n d a ry  e d u c a t io n  a n d  e n r o lm e n t  in  t e r t ia r y  e d u c a t io n .  T h e  
s u p p ly  s id e  s c h o o ls  d a ta  a n d  v a r ia b le s  w e re  u s e d  f o r  th e  g ra d e  1 , p r im a r y  a n d  s e c o n d a ry  
e s t im a t io n s ,  b u t  w a s  o m it te d  f o r  th e  te r t ia r y  e s t im a t io n s  d u e  to  a  la c k  o f  d a ta  a t t h is  le v e l o f  
e d u c a t io n .  T h e  e n r o lm e n t  ra te s  a t e a c h  e d u c a t io n  le v e l  a re  g iv e n  in  ta b le  4  b e lo w .
5 The author would like to thank Juan Ponce for providing the schools data.
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Table 4
SCHOOL EN RO LM ENT IN  N ICARAGUA, B Y  LEVEL OF EDUCATION, 2001
( P r o p o r t i o n s )
V a r i a b l e V a l u e
N e t  e n r o l m e n t  r a t e ,  g r a d e  1 , 7  y e a r  o l d  c o h o r t 0 . 6 5 9 6
N e t  e n r o l m e n t  r a t e ,  p r i m a r y  l e v e l 0 . 8 5 3 0
N e t  e n r o l m e n t  r a t e ,  s e c o n d a r y  l e v e l 0 . 5 1 5 1
N e t  e n r o l m e n t  r a t e ,  t e r t i a r y  l e v e l 0 . 1 2 1 6
S o u r c e :  A u t h o r ’s  c a l c u l a t i o n s ,  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
T a b le  4  s h o w s  th a t  a ro u n d  66 p e rc e n t o f  th o s e  in  th e  7  y e a r  o ld  c o h o r t  e n r o l le d  in  g ra d e  1. 
A t  th e  p r im a r y  le v e l ,  th e  n e t  e n r o lm e n t  ra te  w a s  o v e r  8 5  p e rc e n t d i f f e r in g  f r o m  th e  8 2  p e rc e n t 
ra te  g iv e n  b y  th e  M D G  d a ta  in  ta b le  2 , d u e  t o  th e  d i f f e r e n t  c o h o r t  g ro u p s  a n d  s o u rc e s  o f  d a ta  
u se d . T h e  c o h o r t  m e a s u re  in  ta b le  4  e x c lu d e s  th o s e  w i t h in  th e  7  t o  12 y e a r  ag e  g ro u p  w h o  m a y  b e  
s tu d y in g  a t  le v e ls  o th e r  th a n  p r im a r y  le v e l w h ic h  a v o id s  c o n fu s io n  a b o u t c o m p e t in g  le v e ls  o f  
s tu d y  f o r  th e  s a m e  c o h o r t .  T h is  d e f in i t io n  w a s  a p p lie d  t o  a l l  s c h o o l le v e ls  a n d  th e  ta b le  s h o w s  th a t  
o v e r  h a l f  o f  th o s e  c h i ld re n  13 t o  17  y e a rs  w e re  e n ro l le d  in  s e c o n d a ry  e d u c a t io n  w h i l s t  o n ly  o n e  
p e rs o n  in  e v e ry  e ig h t,  b e tw e e n  th e  ag es o f  18 a n d  2 2 , w a s  e n ro l le d  in  t e r t ia r y  e d u c a t io n .  T h e  
p a t te rn  o f  s o c ia l v a r ia b le s  b e tw e e n  th e  d i f f e r e n t  le v e ls  o f  e d u c a t io n  is  s h o w n  in  ta b le  5. 6
I t  is  in te r e s t in g  to  n o te  th a t  le s s  th a n  h a l f  th e  p o p u la t io n  o f  e a c h  e d u c a t io n -a g e  c o h o r t  is  
m a le  a t e v e ry  e d u c a t io n  le v e l .  I n  p a r t ic u la r  th e re  is  a  te n d e n c y  f o r  th e  p r o p o r t io n  o f  m a le s  in  
e d u c a t io n  t o  f a l l  as th e  e d u c a t io n  le v e l r is e s . T h e  a v e ra g e  p e r  c a p ita  c o n s u m p t io n  is  h ig h e r  f o r  
th o s e  in d iv id u a ls  e n r o l le d  in  h ig h e r  e d u c a t io n  le v e ls .  T h e r e  a re  a  ra n g e  o f  s o c io e c o n o m ic  
a d v a n ta g e s  th a t  h o u s e h o ld s  h a v e  a t h ig h e r  e d u c a t io n  le v e ls  in  a d d it io n  to  g re a te r  c o n s u m p t io n  p e r  
c a p ita . H ig h e r  e d u c a t io n  le v e ls  te n d  to  h a v e  h ig h e r  in f r a s t r u c tu r e ,  a  la r g e r  u rb a n  c o n c e n t ra t io n  
a n d  s m a l le r  h o u s e h o ld  s iz e s . I n  a d d it io n  th e  h e a d  o f  th e  h o u s e h o ld  h a s  o n  a v e ra g e  m o r e  y e a rs  o f  
s tu d y  f o r  th o s e  in d iv id u a ls  e n ro l le d  in  h ig h e r  e d u c a t io n  le v e ls  a n d  th e  c h i ld  m o r t a l i t y  ra te  is  
lo w e r  f o r  h o u s e h o ld s  w i t h  in d iv id u a ls  in  h ig h e r  le v e ls  o f  e d u c a t io n .
6 Several statistics differ in value from those calculated by De Jong and others, 2006 who used 
the same survey data for Nicaragua. Firstly in table 8 o f De Jong and others, the number o f observations 
given for the rural and urban populations is transposed, although this does not affect the value o f the 
summary statistics that are calculated. Others such as education spending are defined differently. Thirdly 
some other values differ because the proportions are proportions o f the entire age group aged 7 to 12 years 
and the measures o f those who are enrolled in primary education. In the current paper, the individuals in 
other levels of education are excluded and this is not done in De Jong and others. This author believes that 
the current restriction o f the cohort gives a better indication o f the difference between those individuals 
deciding to enrol and those not enrolled. This avoids the distinction between those enrolled in primary 
level and those enrolled in other levels of education, which is not the purpose of this study (De Jong and 
others, 2006).
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E d u c a t io n  s p e n d in g  r is e s  b e tw e e n  p r im a r y  a n d  s e c o n d a ry  le v e ls  o f  e d u c a t io n ,  b u t  f a l ls  f o r  
t e r t ia r y  le v e ls ,  p ro b a b ly  b e c a u s e  o f  th e  s m a ll p r o p o r t io n  o f  th e  p o p u la t io n  in  th is  c o h o r t  th a t  a re  
s tu d y in g .  A t  th e  p r im a r y  le v e l ,  a ro u n d  15 p e rc e n t o f  c h i ld re n  g o  t o  s c h o o ls  th a t  p ro v id e  s o m e  
b o o k s  a n d  o th e r  m a te r ia ls  f re e  o f  c h a rg e  a n d  a s im i la r  p r o p o r t io n  o f  t h is  c o h o r t  a t te n d  s c h o o ls  
t h a t  h a v e  a m e a l p ro g ra m m e . T h e  s tu d e n t te a c h e r  r a t io  re m a in s  h ig h  a t b o th  p r im a r y  a n d  
s e c o n d a ry  le v e ls  a t a ro u n d  3 8  s tu d e n ts  p e r  te a c h e r.
O n e  fa c to r  th a t  c a n  e x e r t  a  s tro n g  in f lu e n c e  o n  th e  e n r o lm e n t  d e c is io n  is  th e  w a g e  
p re m iu m .  F o r  th e  a n a ly s is  o f  d e te rm in a n ts  o f  e n r o lm e n t  a t e a c h  e d u c a t io n  le v e l ,  a  w a g e  p r e m iu m  
v a r ia b le  is  in c lu d e d .  T h e  w a g e  p r e m iu m  m e a s u re s  th e  e x t r a  re tu rn s  th a t  a n  in d iv id u a l  c a n  e x p e c t 
in  te rm s  o f  w a g e s , f o r  th e  e x t r a  e d u c a t io n  le v e l th e y  h a v e  a c h ie v e d . A  w a g e  p r e m iu m  w a s  
c a lc u la te d  f o r  in d iv id u a ls  in  e a c h  c o h o r t  e d u c a t io n  ag e  g ro u p . U s in g  a M in c e r - t y p e  w a g e  
e q u a t io n  b a se d  o n  th o s e  in d iv id u a ls  in  th e  s u rv e y  e a rn in g  w a g e s  in  2001, m o d e ls  w e re  g e n e ra te d  
f o r  w a g e  d e te r m in a t io n  a t e a c h  le v e l o f  e d u c a t io n .  T h e  e s t im a te d  c o e f f ic ie n ts  w e re  th e n  u s e d  to  
p re d ic t  th e  w a g e s  f o r  th e  c o h o r ts .
T a b l e  5
S U M M A R Y  M E A S U R E S  O F  S O C I A L  I N D I C A T O R S  I N  N I C A R A G U A ,  B Y  L E V E L  O F  E D U C A T I O N ,  2 0 0 1
( V a r i o u s  u n i t s )
V a r i a b l e
P r im a r y S e c o n d a r y T e r t i a r y
c o h o r t c o h o r t c o h o r t
P r o p o r t i o n  o f  s t u d e n t s  m a l e 0 . 4 9 7 8 0 . 4 5 3 5 0 . 4 2 8 1
M e a n  C o n s u m p t i o n  p e r  c a p i t a 5 7 2 1 6 8 2 0 7 4 5 5
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 7 . 3 3 5 0 7 . 1 4 7 4 6 . 9 8 2 1
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y  r e n t ) 2 9 7 . 7 1 1 8 3 9 3 . 6 9 6 6 4 2 0 . 7 1 4 4
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 4 7 7 8 0 . 5 5 4 7 0 . 5 3 9 1
W a g e  p r e m i u m  p r i m a r y / s e c o n d a r y 1 . 4 0 3 8 1 . 4 0 2 4
W a g e  p r e m i u m  s e c o n d a r y / t e r t i a r y 1 . 7 7 4 8
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 3 . 5 4 2 1 3 . 9 5 3 5 3 . 8 1 0 4
A v e r a g e  m u n i c i p a l  c h i l d  m o r t a l i t y  r a t e 4 4 . 6 4 7 0 4 1 . 4 2 7 3 3 9 . 8 2 6 6
E d u c a t i o n  s p e n d i n g  ( f e e s ,  u n i f o r m s ,  a n c i l l a r i e s ,  b o o k s ) 2 2 7 . 8 1 1 8 3 0 5 . 7 5 0 5 1 7 1 . 5 3 6 6
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l 1 2 . 8 3 5 7 1 5 . 8 1 0 5 1 9 . 3 2 6 9
P r o p o r t i o n  o f  c h i l d r e n  t h a t  r e c e i v e  s c h o o l  b a g 0 . 1 5 8 0
P r o p o r t i o n  o f  c h i l d r e n  a t t e n d e d  b y  s c h o o l  m e a l  p r o g r a m m e 0 . 1 5 2 4
A v e r a g e  s t u d e n t  t e a c h e r  r a t i o 3 7 . 9 9 8 4 3 7 . 7 2 2 6
A v e r a g e  t e a c h e r s  p e r  s c h o o l 4 . 7 7 7 6 1 7 . 4 9 2 1
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
T a b le  5 s h o w s  th a t  th e  w a g e  p r e m iu m  f o r  th e  p r im a r y  c o h o r t  w a s  1 .4 0 3 8 . T h is  is  th e  w a g e  
p r e m iu m  f o r  th e  d if fe re n c e  in  e d u c a t io n  b e tw e e n  th e  c u r re n t  le v e l ,  p r im a r y  a n d  th e  n e x t  
e d u c a t io n  le v e l ,  s e c o n d a ry . T h e  v a lu e  m e a n s  th a t  o n  a v e ra g e  a c ro s s  th e  c o h o r t  o f  p r im a r y  a g ed  
c h ild re n ,  i f  th e y  w e r e  to  c o m p le te  s e c o n d a ry  e d u c a t io n ,  th e y  w o u ld  e a rn  1 .4 0 3 8  t im e s  th e  v a lu e
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of their wage if they only had primary level education. For secondary students, the completion of 
their level of study would give an estimated wage on average 1.4024 times as high as the 
alternative of not enrolling and maintaining their primary education only. The wage premium for 
tertiary eligible entry is the highest and for those that enrol and complete tertiary education, they 
can expect to earn on average over 1.77 times the wage that they would earn if they do not enrol 
and secondary education becomes their highest education level.
2. An econometric model of education enrolm ent
The decision to enroll a child or not in education is a binary one and thus is suitable to estimation 
within a probit or logit framework. Whilst numerous theoretical models of education 
participation exist, a simple tractable framework is sufficient for the derivation of an estimatable 
model. In a utility maximization framework with rational individuals, the decision to enrol a 
child in education is based on a decision to maximize utility through the maximization of present 
and future consumption levels. As such the maximization problem is given as:
Max U = U(c)
(II.1)
Where U is the utility level of the individual and c is the present value of all current and 
future consumption. The function is assumed to be continuous and increasing in c . The enrolment 
in education gives benefits in future consumption in terms of human capital gains and costs in 
present consumption. Therefore the decision to enrol in education is made if the present value of 
all current and future consumption is greater under enrolment in education than for the decision 
not to enrol. This is shown as:
Enrol = yes i f  U (ce ) > U (cne )
(n .2 )
U (ce ) > U(cne) i f  ce > cne
(II.3)
Where ce  is the consumption level if  the individual enrols in education and cn e  is the 
consumption level if  enrolment does not occur. The econometric model can therefore be specified 
as:
S = a  + P J  + P2 K + P3 L + s
(II. 4)
7 One theoretical model is the model of utility maximization by enrolment choice as put 
forward by Bedi and Marshall (2002), Bedi (2004) and followed by Vos and Ponce (2004) and De Jong and 
others (2006). However there are some issues with the model specification and an exposition is provided in 
Appendix 2.
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Where S is the indicator variable which is equal to 1 if an individual attends education and 
0 if they do not. The independent variables are thought to affect the probability of consumption 
under enrolment being greater than consumption without education enrolment. These factors 
include individual characteristics, the vector J, household characteristics, the vector K, and school 
demand and supply characteristics, the vector L. The model in Equation (II.4) can be estimated in 
a standard logit framework.
3. A proportions model of the enrolm ent rate
Whilst the logit model provides an easily estimated measure of the determinants of the 
probability of enrolment, the proportions model is also valid because it estimates the exact MDG 
measure of education directly, that is the rate of enrolment and not the individual enrolment 
choice. Although this modelling framework has the advantage of directly estimating the factors 
that influence the rate of enrolment which is the specific measure of the MDG, the disadvantage 
is that this method must average factors over the municipalities and therefore loses significant 
intra-municipal variability which may affect the results. In this case the estimation results can be 
compared against the logit results to determine the more efficacious technique.
The proportions model is estimated using the logit quasi-maximum likelihood 
methodology of Papke and Wooldridge (1996). The methodology permits the estimation of 
dependent variables that represent proportions. In these cases least squares (OLS) cannot be 
employed because the dependent variable is of limited range, that being between 0 and 1. In 
addition the standard logit model measures only the indicator variable 0 or 1 and not a range of 
values between. Before the Papke and Wooldridge method, the conventional estimation technique 
involved converting each proportion to a log-odds ratio and then estimating the converted values 
as a linear function. However values of 0 or 1 gave discontinuous results. Because of this, all 
proportions that were either 0 or 1 had to undergo an ad-hoc addition of a small fraction to lie 
within the 0 to 1 unit interval. The Papke and Wooldridge methodology allows that proportions 
observations be estimated without having to conduct ad-hoc transformations of the variables and 
producing estimates that constrain the dependent variable to lie within the unit interval.
The proportions methodology is employed here by using the enrolment rate for each 
cohort education level as the dependent variable. The sample of each education level cohort is 
sorted into their respective small local areas, municipalities, and an enrolment rate is calculated 
for each. Therefore the model to be estimated becomes:
E(Emoi I xm ) = G C xJ) (II 5)
Where Enrol is the rate of enrolment for each education level in each locality, the vector x 
is a vector of municipal level determinants and G (. )  is the proportions functional form.
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A t each level o f  education tw o different estim ation m odels w ere em ployed. F irstly  a standard 
logit m odel w as estim ated for the probability o f  an individual in that cohort attending regular 
education. Secondly, a proportions m odel w as estim ated after calculating the enrolm ent rates for 
each level o f  education at each m unicipality  and using these rates as the dependent variable. Both 
estim ation techniques w ere estim ated w ith heteroskedastic adjusted errors and corrected for 
clustering. Each set o f  estim ation results are contained in A ppendix 4, w hilst the elasticities are 
presented in this section.
B efore analyzing the estim ates, it is useful to  know  w hat the expected relationship is 
betw een the dependent variable, enrolm ent, and the independent variables that reflect the costs 
and benefits o f  education.
Table 6  below  provides a sum m ary o f  the a priori expectations o f  the direction o f  the 
relationship.
T a b l e  6
E X P E C T E D  S I G N S  O F  C O E F F I C I E N T S  O F  D E T E R M I N A N T S  F O R  
E N R O L M E N T  I N  E D U C A T I O N
4. Estimation issues
( S i g n s  p o s i t i v e  o r  n e g a t i v e )
E f f e c t  o n  e n r o l m e n t V a r i a b l e
P o s i t i v e C o n s u m p t i o n  p e r  c a p i t a
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y  r e n t )  
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d  
L i v i n g  i n  u r b a n  a r e a
W a g e  p r e m i u m  f o r  s e c o n d a r y / t e r t i a r y  e d u c a t i o n  
P r o p o r t i o n  o f  c h i l d r e n  t h a t  r e c e i v e  s c h o o l  b a g  
A v e r a g e  t e a c h e r s  p e r  s c h o o l
P r o p o r t i o n  o f  c h i l d r e n  a t t e n d e d  b y  s c h o o l  m e a l  p r o g r a m m e
N e g a t i v e A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e  
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l  
A v e r a g e  s t u d e n t  t e a c h e r  r a t io  
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d
V a r i a b l e S e x  ( 1  =  m a l e )  
E d u c a t i o n  s p e n d i n g
S o u r c e :  A u t h o r ’ s  c r e a t i o n  b a s e d  o n  a  p r i o r i  e x p e c t a t i o n s .
Factors expected to  have positive effects on enrolm ent include consum ption, 
infrastructure, the years o f  study o f  the head o f  the household, living in an urban area, the w age 
prem ium  for education and supply factors including the num ber o f  teachers per school and school
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p r o v is io n s  o f  m e a ls  a n d  e q u ip m e n t .  N e g a t iv e  e f fe c ts  a re  l i k e l y  t o  o c c u r  f o r  in c re a s e s  in  m o r t a l i t y  
ra te s , th e  t im e  t o  t r a v e l t o  s c h o o l,  th e  s tu d e n t te a c h e r  r a t io  a n d  th e  n u m b e r  o f  m e m b e rs  o f  th e  
h o u s e h o ld .
E d u c a t io n  s p e n d in g ’ s e f fe c t  o n  e n r o lm e n t  is  a m b ig u o u s  b e c a u s e  s m a ll in c re a s e s  in  th e  
c o s ts  o f  e d u c a t io n  a t lo w  in c o m e  le v e ls  a re  l i k e l y  t o  p ro v id e  a d is in c e n t iv e  t o  e n ro l f r o m  p o o re r  
h o u s e h o ld s .  H o w e v e r  a t h ig h e r  in c o m e  le v e ls  a n d  h ig h e r  c o s ts  o f  e d u c a t io n ,  f u r t h e r  in c re a s e s  in  
e d u c a t io n  s p e n d in g  a re  l i k e l y  t o  r e f le c t  a n  in c re a s e  in  q u a l i t y  o f  e d u c a t io n  f a c i l i t ie s  a n d  th is  m a y  
b e  a p o s i t iv e  e f fe c t  o n  e d u c a t io n  e n ro lm e n t .  I f  th e  in d iv id u a l  is  m a le  t h is  c a n  a ls o  h a v e  a n  
a m b ig u o u s  re la t io n s h ip  o n  e d u c a t io n .  W h i l s t  g e n d e r  in e q u a l i t y  in  th e  p r o v is io n  o f  e d u c a t io n  ca n  
m e a n  th a t  m a le s  m a y  b e  m o r e  l i k e l y  t o  e n ro l,  th e  e c o n o m ic  n e e d s  o f  th e  h o u s e h o ld  a n d  th e  
g e n d e r  a s s ig n m e n t  o f  m a le s  t o  th e  p ro d u c t iv e  s e c to r  a n d  fe m a le s  t o  th e  r e p ro d u c t iv e  s e c to r  o f  th e  
e c o n o m y  o f te n  m e a n s  th a t  m a le s  a re  le s s  l i k e l y  t o  e n ro l a t h ig h e r  e d u c a t io n  le v e ls  b e c a u s e  o f  th e  
c o n f l ic t in g  t im e  c o n s t ra in ts  a n d  h ig h e r  o p p o r tu n i t y  c o s t  w i t h  th e  p a r t ic ip a t io n  in  th e  la b o u r  fo rc e .
B e fo r e  d is c u s s in g  th e  re s u lts  o f  th e  e s t im a t io n s ,  i t  is  u s e fu l  t o  a d d re ss  th e  is s u e  o f  
c a u s a li ty  w i t h in  th e  m o d e l.  S e v e ra l o f  th e  v a r ia b le s  s u c h  as c o n s u m p t io n  p e r  c a p ita  a n d  th e  w a g e  
p r e m iu m  a p p e a r in  th e  m o d e l as e x p la n a to rs  o f  th e  d e c is io n  to  e n ro l o r  th e  a v e ra g e  e n r o lm e n t  
ra te , d e p e n d in g  u p o n  th e  m e th o d o lo g y .  H o w e v e r  i t  c o u ld  a ls o  b e  a rg u e d  th a t  th e re  is  e n d o g e n e ity  
w i t h in  t h is  s y s te m  as th e  e d u c a t io n  le v e ls  m a y  b e  a d e te rm in a n t  o f  o n e  o r  m o r e  e x p la n a to r y  
v a r ia b le s  e s p e c ia l ly  c o n s u m p t io n  p e r  c a p ita  a n d  th e  w a g e  p re m iu m .  T h is  e n d o g e n e ity  p ro b le m  
c a n n o t  b e  a d d re ss e d  e x p l ic i t l y  w i t h in  th e s e  m o d e ls  o r  e s t im a t io n  e x e rc is e s . D e s p ite  th is ,  th e  
e c o n o m e tr ic  e s t im a t io n s  c a r r ie d  o u t  a re  ju s t i f ie d  a c c o rd in g  to  th re e  ra t io n a le s .  F i r s t ly ,  a n y  
e n d o g e n e ity  p ro b le m s  th a t  a re  l i k e l y  to  a r is e  w o u ld  b e  b e s t a d d re ss e d  th r o u g h  th e  u s e  o f  C G E  
m o d e l in g  o f  th e  g e n e ra l e q u i l ib r iu m  e f fe c ts  a n d  e x p l ic i t  f l o w  o f  c a u s a t io n  s e t o u t  in  s u c h  m o d e ls .  
H o w e v e r  C G E  m o d e ls  r e q u ir e  in i t i a l  ju s t i f ia b le  p a ra m e te r  v a lu e s  d e r iv e d  f r o m  p a r t ia l e q u i l ib r iu m  
m o d e ls  s u c h  as th e  o n e s  e m p lo y e d  h e re  a n d  so  f r o m  th is  p e rs p e c t iv e  th e  e s t im a te s  m a y  b e  se e n  as 
i n i t i a l  s o lu t io n s .  S e c o n d ly ,  f o l l o w in g  th is  l i n e  o f  th o u g h t ,  th e  e s t im a te s  f r o m  th e s e  p a r t ia l 
e q u i l ib r iu m  a n a ly s e s  c a n  b e  c o n s id e re d  im p a c t  e la s t ic it ie s  a n d  a c c u ra te  m e a s u re s  o f  th e  f i r s t  
r o u n d  e f fe c ts  o f  th e s e  d e te rm in a n ts  u p o n  th e  e n r o lm e n t  d e c is io n .  F in a l l y ,  a n y  fe e d b a c k  e f fe c ts  
a n d  e n d o g e n e ity  is  m o r e  l i k e l y  t o  ta k e  p la c e  o v e r  t im e ,  f o r  e x a m p le ,  th e  w a g e  p r e m iu m  th a t  
c u r r e n t ly  e x is ts  is  b a se d  u p o n  o b s e rv e d  d if fe re n c e s  in  th e  la b o u r  m a r k e t  s u p p ly  a n d  d e m a n d  f o r  
d i f f e r e n t  s k i l l  le v e ls .  T h is  h a s  a  d ire c t  c o n te m p o ra n e o u s  e f fe c t  o n  th e  e n r o lm e n t  d e c is io n  n o w ,  as 
v ie w e d  f r o m  th e  p e rs p e c t iv e  o f  th e  u t i l i t y  m a x im is in g  in d iv id u a l .  A n y  s u c h  o b s e rv e d  d e c is io n s  
w i l l  l i k e l y  h a v e  fe e d b a c k  e f fe c ts  th a t  c h a n g e  th e  w a g e  p r e m iu m  in  th e  fu tu r e  as th e  p r o p o r t io n  o f  
in d iv id u a ls  in  th e  la b o u r  fo rc e  a t e a c h  e d u c a t io n  le v e l  c h a n g e s . S im i la r  a rg u m e n ts  c a n  b e  m a d e  
f o r  th e  e n d o g e n e ity  o f  m a n y  o f  th e  v a r ia b le s  in c lu d in g  c o n s u m p t io n  p e r  c a p ita , h o u s e h o ld  s iz e , 
m o r t a l i t y  ra te  e tc . T h e r e fo r e  f r o m  th is  p e rs p e c t iv e  th e  d ire c t  e f fe c ts  o f  th e  e x p la n a to r y  v a r ia b le s  
a re  c o n te m p o ra n e o u s  w h i l s t  th e  e n d o g e n o u s  fe e d b a c k  is  d y n a m ic  in  n a tu re  a n d  a lth o u g h  th is  is  
n o t  te s te d  e x p l ic i t ly ,  d u e  m a in ly  t o  d a ta  re s t r ic t io n s ,  th e s e  r a t io n a le s  p e r m it  th e  e x p la n a to r y  
v a r ia b le s  t o  b e  c o n s id e re d  e x o g e n o u s  in  th e s e  m o d e ls .
15
For enrolm ent into grade 1, the estim ated elasticities are given in table 7.
It can be seen in the table that the estim ates and significance o f  the explanatory variables 
for grade 1 enrolm ent differ betw een the tw o m odels. The results o f  the logit estim ation for 
grade 1 enrolm ent show that several household factors have a significant effect on the probability 
o f  enrolm ent. Increases in consum ption per capita, fam ily size, and years o f  study o f  the head o f 
the household all have significant positive effects upon the probability o f  individual enrolm ent in 
grade 1. In addition the largest effect, although all effects are inelastic, is the household size 
w hich is positively related to  enrolm ent and is contrary to  the expected negative sign. Though a 
negative effect w as expected, large fam ily size is correlated w ith consum ption levels per capita 
and the rem aining partial effects after discounting this correlation m ay be due to  the fact that 
larger households are better able to  distribute the opportunity cost o f  enrolm ent, w hich is the loss 
o f  incom e o f  the child, am ong their m em bers. L ocation o f  the household in  urban areas w as m ore 
likely to  result in enrolm ent and school factors such as the school m eal program m e had a 
significant positive effect. The rem aining variables w ere not significantly related to  the 
probability  o f  enrolm ent in grade 1 for the logit m odel.
T a b l e  7
E L A S T I C I T I E S  F O R  E N R O L M E N T  I N  E D U C A T I O N ,  G R A D E  1 , 2 0 0 1
5. Estimation results
( E l a s t i c i t i e s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
E l a s t i c i t y P  v a l u e E l a s t i c i t y P  v a l u e
S e x  ( 1  =  M a l e ) - 0 . 0 8 5 8 0 . 1 3 0 - 0 . 0 8 9 1 0 . 6 9 1
C o n s u m p t i o n  p e r  c a p i t a 0 . 2 0 4 2 0 . 0 3 2 0 . 0 0 0 0 0 . 3 4 0
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 2 5 6 8 0 . 0 1 2 0 . 0 8 1 4 0 . 4 5 6
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y 0 . 0 1 0 9 0 . 7 6 2 - 0 . 2 0 6 0 0 . 0 0 1
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 0 6 3 7 0 . 0 4 7 0 . 0 0 2 7 0 . 9 3 3
Y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 0 5 9 7 0 . 0 5 6 0 . 1 1 1 7 0 . 1 0 8
W a g e  p r e m i u m  f o r  p r i m a r y / s e c o n d a r y  e d u c a t i o n 1 . 3 6 5 0 0 . 2 5 5 0 . 7 9 5 6 0 . 0 8 7
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e 0 . 0 1 8 0 0 . 3 7 1 0 . 0 0 5 4 0 . 1 8 9
E d u c a t i o n  s p e n d i n g - 0 . 3 9 9 2 0 . 6 7 2 - 0 . 0 7 2 0 0 . 7 8 8
E d u c a t i o n  s p e n d i n g  s q u a r e d 0 . 0 5 4 0 0 . 5 6 1 0 . 0 0 9 9 0 . 7 3 3
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l - 0 . 0 1 2 9 0 . 9 1 7 0 . 0 2 3 3 0 . 6 7 1
P r o p o r t i o n  o f  c h i l d r e n  t h a t  r e c e i v e  s c h o o l  b a g 0 . 0 3 8 6 0 . 3 6 3 0 . 0 3 9 2 0 . 0 0 3
A v e r a g e  t e a c h e r s  p e r  s c h o o l 0 . 1 1 9 4 0 . 1 4 1 0 . 2 8 9 4 0 . 0 0 0
A v e r a g e  s t u d e n t  t e a c h e r  r a t i o - 0 . 3 3 8 9 0 . 3 1 8 0 . 0 1 0 1 0 . 9 0 9
P r o p o r t i o n  o f  c h i l d r e n  a t t e n d e d  b y  s c h o o l  m e a l  
p r o g r a m m e 0 . 1 0 1 3 0 . 0 4 3 0 . 0 0 6 6 0 . 6 4 7
Source: A uthor’s calculations based on INEC household survey LSM S 2001 Nicaragua.
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In term s o f  the proportions m odel, the average grade 1 enrolm ent rate w as significantly 
and positively related to  school supply factors such as the average teachers per school in the local 
area, the average proportion o f  students that receive a school bag and the average w age prem ium  
that individuals in the area expect w hen they have a secondary education com pared to  only a 
prim ary education level. H ow ever infrastructure levels, in term s o f  the average im puted rent in 
the locality, w ere significantly negatively related to  enrolm ent rates.
It is interesting to  com pare the tw o estim ations. A lthough the m easures in the logit m odel 
are individual and household based, w hilst the determ inants in the proportions m odel are all 
m unicipal averages, it is not unreasonable to  expect that significant determ inants o f  individual 
probability  o f  enrolm ent w ould  also be determ inants o f  the m unicipal average enrolm ent rate. 
H ow ever that is not the case in the results above. N one o f  the m easures w ere significant in both 
regressions. In addition, o f  the variables for consum ption and education services w ere the only 
significant variables in the logit regression w hilst the w age prem ium  and other school supply 
m easures w ere significant in the proportions regression. Infrastructure w as also significant here 
bu t the sign o f  the result is contradictory to  the direction predicted a priori. Sim ilarly m ortality 
rates did not have a significant effect on enrolm ent.
The results for the elasticities for prim ary enrolm ent are given in table 8. The explanatory 
variables o f  prim ary enrolm ent that w ere tested w ere m ore likely to  have a significant effect on 
enrolm ent o f  individuals as shown by the logit m odel, com pared to  the determ ination o f 
m unicipal prim ary enrolm ent rates. Individual factors w ere significantly related to  prim ary 
enrolm ent probability. M ale children w ere less likely to  be enrolled than fem ale children. The 
level o f  consum ption per capita w as positively related to  the probability  o f  enrolm ent in the logit 
model. A  10 percent increase in consum ption per capita w ould lead to  a 0.8 percent increase in 
the probability o f  enrolm ent. The low  value is due to  the fact that increases in the probability o f 
enrolm ent are m ore difficult to  achieve w hen the likelihood is already very high, recalling the 
fact that in prim ary education the enrolm ent rate is already over 85 percent. In addition household 
factors such as the size o f  the household, the presence in an urban area and the years o f  study o f 
the head o f  the household all had significant positive effects on the likelihood o f  enrolm ent. It is 
interesting to  note that none o f  these factors at the m unicipal level had significant effects on the 
average m unicipal enrolm ent rate. O nce again the household size is contrary to  expectations and 
is probably due to  econom ies o f  scale as larger fam ilies free up m ore children o f  prim ary age to 
participate in education, as their productivity in labour and other duties is low er w hen they  are o f 
a young age and thus the loss is lower.
Education service factors w ere significantly related to  enrolm ent. The provision o f  a 
school bag and m eal program m es significantly increased the likelihood o f  enrolm ent w hilst the 
higher student teacher ratios m ade enrolm ent less probable. In the proportions m odel, education 
supply factors also had significant effects on the local prim ary enrolm ent rate. A  higher 
proportion o f  recipients o f  school bags and m ore teachers per school led to  increased enrolm ent 
rates. H ow ever the student teacher ratio and the m eal program m es had no effect at the m unicipal 
level. The w age prem ium  w as significantly positively related to  both  the individual probability o f  
enrolm ent and the local prim ary enrolm ent rate. The value varied betw een 0.46 to  0.52 percent 
increases in enrolm ent for every one percent increase in the individual or local w age prem ium. 
This im plies that households m ay m ake a conscious decision for enrolm ent based on changes in 
future expected earnings.
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Consum ption per capita and the w age prem ium  w ere strongly associated w ith enrolm ent 
at the secondary level o f  education, w hilst school supply side factors w ere less prom inent (see 
table 9). A nd again the factors w ere m ore likely to influence individual enrolm ent decisions than 
to affect the overall rate o f  enrolm ent at the m unicipal level.
T a b l e  8
E L A S T I C I T I E S  F O R  E N R O L M E N T  I N  E D U C A T I O N ,  P R I M A R Y  L E V E L ,  2 0 0 1
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
E l a s t i c i t y P  v a l u e E l a s t i c i t y P  v a l u e
S e x  ( 1  =  M a l e ) - 0 . 0 2 5 1 0 . 0 2 3 - 0 . 0 6 8 5 0 . 4 2 2
C o n s u m p t i o n  p e r  c a p i t a 0 . 0 7 9 1 0 . 0 0 0 0 . 0 0 0 0 0 . 5 6 4
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 0 3 2 6 0 . 0 7 3 0 . 0 0 9 1 0 . 8 2 9
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y  r e n t ) 0 . 0 0 4 9 0 . 5 3 5 - 0 . 0 8 0 9 0 . 0 0 0
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 0 2 3 2 0 . 0 0 1 - 0 . 0 0 6 3 0 . 6 5 6
Y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 0 4 5 5 0 . 0 0 0 0 . 0 4 1 3 0 . 1 2 3
W a g e  p r e m i u m  f o r  p r i m a r y / s e c o n d a r y  e d u c a t i o n 0 . 5 1 6 7 0 . 0 8 7 0 . 4 5 7 8 0 . 0 3 3
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e 0 . 0 0 0 1 0 . 9 6 4 0 . 0 0 0 6 0 . 7 9 4
E d u c a t i o n  s p e n d i n g - 0 . 1 3 1 1 0 . 3 8 6 - 0 . 1 1 3 9 0 . 2 9 0
E d u c a t i o n  s p e n d i n g  s q u a r e d 0 . 0 1 9 5 0 . 1 9 7 0 . 0 1 4 1 0 . 2 1 4
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l 0 . 0 0 5 5 0 . 8 6 5 - 0 . 0 0 7 7 0 . 7 7 3
P r o p o r t i o n  o f  c h i l d r e n  t h a t  r e c e i v e  s c h o o l  b a g 0 . 0 2 2 5 0 . 0 0 4 0 . 0 1 9 5 0 . 0 0 0
A v e r a g e  t e a c h e r s  p e r  s c h o o l 0 . 0 0 6 3 0 . 6 7 4 0 . 1 0 8 5 0 . 0 0 0
A v e r a g e  s t u d e n t  t e a c h e r  r a t i o - 0 . 1 4 0 2 0 . 0 0 7 - 0 . 0 2 6 8 0 . 4 3 6
P r o p o r t i o n  o f  c h i l d r e n  a t t e n d e d  b y  s c h o o l  m e a l  p r o g r a m m e 0 . 0 2 0 4 0 . 0 1 1 - 0 . 0 0 3 7 0 . 4 7 7
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
As w as the case for the prim ary level, the secondary level shows a negative gender effect 
for boys, w ho are less likely to attend secondary education than girls. A lthough at the m unicipal 
level the effect is positive show ing that areas w ith higher proportions o f  m ale students have 
higher secondary enrolm ent rates. This difference could be due to  the fact that the individual 
level is m easuring the opportunity cost o f  lost labour m arket participation to the individual o f 
enrolm ent w hilst the m unicipal level m ay capture a larger gender difference in the enrolm ent 
rates betw een areas w ith  higher m ale concentrations in the secondary age group com pared to 
low er proportions o f  m ales in that age group.
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Table 9
ELASTICITIES FO R  EN RO LM ENT IN  EDUCATION, SECONDARY LEVEL, 2001
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
E l a s t i c i t y P  v a l u e E l a s t i c i t y P  v a l u e
S e x  ( 1  =  M a l e ) - 0 . 3 7 0 7 0 . 0 0 4 0 . 6 8 8 7 0 . 0 6 9
C o n s u m p t i o n  p e r  c a p i t a 0 . 4 2 6 9 0 . 0 0 0 0 . 0 0 0 0 0 . 7 7 3
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 0 8 9 9 0 . 1 4 2 - 0 . 1 9 7 9 0 . 4 5 9
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y  r e n t ) 0 . 1 0 5 9 0 . 0 1 0 - 0 . 0 5 8 1 0 . 6 3 3
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 0 2 4 0 0 . 7 9 9 0 . 1 3 5 6 0 . 0 9 5
Y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 1 9 0 3 0 . 0 0 0 0 . 1 1 6 1 0 . 3 6 8
W a g e  p r e m i u m  f o r  p r i m a r y / s e c o n d a r y  e d u c a t i o n 1 . 5 8 7 4 0 . 0 2 7 - 0 . 9 9 1 3 0 . 1 1 6
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e - 0 . 0 0 4 6 0 . 4 7 4 0 . 0 0 4 3 0 . 3 9 8
E d u c a t i o n  s p e n d i n g 0 . 5 1 9 1 0 . 1 5 4 - 0 . 2 5 1 6 0 . 3 6 0
E d u c a t i o n  s p e n d i n g  s q u a r e d - 0 . 0 2 4 5 0 . 5 0 1 0 . 0 4 0 6 0 . 1 6 3
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l 0 . 0 2 1 6 0 . 8 3 9 0 . 0 0 5 1 0 . 9 6 8
A v e r a g e  t e a c h e r s  p e r  s c h o o l - 0 . 0 3 2 6 0 . 4 5 4 0 . 0 8 4 1 0 . 0 0 2
A v e r a g e  s t u d e n t  t e a c h e r  r a t io - 0 . 2 8 8 1 0 . 0 0 1 0 . 1 1 2 3 0 . 2 7 2
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
The tw o factors that w ere very large and positively related to  enrolm ent in the logit m odel 
w ere household per capita consum ption and the w age prem ium  for secondary education over 
prim ary education. For every one percent increase in per capita consum ption, the probability an 
individual w ould enrol in secondary education increased by over 0.4 percent. The w age prem ium  
had an even larger and elastic effect, w ith  a 1.5 percent increase in the probability o f  enrolm ent 
for every 1 percent increase in the prem ium . This high figure is large because the average 
attendance rate is ju s t over 51 percent and the logit m odel predicts the highest m arginal effects 
w hen the average likelihood is close to  50 percent. For the individual m odel, the infrastructure 
level w as positively related to  enrolm ent w hilst the m unicipal effect w as negative but 
insignificant. E ducation supply factors w ere insignificant except for the student teacher ratio, 
increases o f  w hich w ere negatively related to  secondary enrolm ent. In the proportions m odel, the 
average num ber o f  teachers per school w as the only education supply factor to  significantly affect 
the average m unicipal enrolm ent rate. The differences betw een the logit and proportions m odels 
are prom inent w ith only the sex m easure being significant in both regressions and even in that 
case having opposite signs.
The elasticities for the explanatory variables o f  tertiary education enrolm ent are show n in 
table 10. In the case o f  tertiary enrolm ent, only the tim e taken to  travel to  the place o f  education 
w as included as a supply side variable, due to  the lack o f  data about other factors in tertiary 
institutions such as class sizes and incentive program s.
For the individual logit m odel, enrolm ent in tertiary education w as likely to  increase due 
to  increases in consum ption, fam ily size and the years o f  study o f  the head o f  the household. 
These w ere all highly significant effects. The per capita consum ption effect w as elastic and for
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every one percent increase in consum ption, the probability o f  enrolm ent, for the education-age 
cohort o f  18 to 22 years w ho have com pleted secondary education, rose by nearly tw o percent. 
H ow ever given the m ean enrolm ent rate is less than 13 percent, this m eans that grow th in 
consum ption per capita for N icaragua in the future w ill see large increases in the likelihood o f 
enrolm ent at the tertiary level.
T a b l e  1 0
E L A S T I C I T I E S  F O R  E N R O L M E N T  I N  E D U C A T I O N ,  T E R T I A R Y  L E V E L ,  2 0 0 1
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
E l a s t i c i t y P  v a l u e E l a s t i c i t y P  v a l u e
S e x  ( 1  =  M a l e ) - 0 . 5 9 9 9 0 . 1 9 1 1 . 8 3 7 0 . 0 3 7
C o n s u m p t i o n  p e r  c a p i t a 1 . 9 7 2 4 0 . 0 0 0 0 . 0 0 0 0 . 4 4 5
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 7 0 2 9 0 . 0 0 0 - 0 . 5 6 6 0 . 3 4 0
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y  r e n t ) - 0 . 1 0 0 1 0 . 0 0 0 - 0 . 0 2 1 0 . 9 1 4
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 2 6 4 6 0 . 3 6 9 0 . 0 6 3 0 . 7 7 4
Y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 2 8 6 2 0 . 0 0 0 0 . 1 7 8 0 . 5 5 3
W a g e  p r e m i u m  f o r  s e c o n d a r y / t e r t i a r y  e d u c a t i o n 2 . 3 8 4 9 0 . 3 0 8 0 . 3 8 5 0 . 7 5 5
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e 0 . 0 3 2 9 0 . 0 5 7 0 . 0 0 3 0 . 7 4 0
E d u c a t i o n  s p e n d i n g 1 . 0 1 6 7 0 . 5 1 1 - 0 . 0 3 7 0 . 9 1 1
E d u c a t i o n  s p e n d i n g  s q u a r e d - 0 . 0 6 6 5 0 . 6 3 1 0 . 0 2 8 0 . 4 8 6
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l 0 . 0 5 8 0 0 . 8 7 2 0 . 0 4 3 0 . 8 1 5
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
In addition findings that w ould seem  contradictory to  expectations w ere the m unicipal 
m ortality rate having a small positive relationship w ith the enrolm ent likelihood, bu t not at the 5 
percent level o f  significance, and the small negative effect o f  infrastructure, as m easured by 
rental costs. A t the m unicipal level, only one variable w as significant and this w as the elastic 
gender effect on enrolm ent, w here m ales w ere m ore likely to  be enrolled at the tertiary level than 
females.
D. COMMENTS
There are several broad trends that arise from  the results in term s o f  the explanatory variables and 
the m odels o f  education enrolm ent across the different levels o f  education. The first is that the 
logit m odel tended to  provide m ore significant estim ates than the proportions m odel. A lthough 
the proportions m odel uses a direct enrolm ent rate as its dependent variable, rather than a 
probability o f  individual enrolm ent, the m odel w as w eaker than the logit. Parsim ony in the 
estim ation technique has had the advantage over com plexity and the loss o f  individual variation
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in  te rm s  o f  t h is  te s t  o f  th e  fa c to rs  th a t  a re  re la te d  to  e d u c a t io n  e n ro lm e n t .  T h e  p ro p o r t io n s  m o d e l 
s u f fe r s  g r e a t ly  f r o m  a lo s s  o f  in f o r m a t io n  s in c e  a l l  d e te rm in a n ts  a n d  th e  d e p e n d e n t v a r ia b le  h a d  to  
b e  a v e ra g e d  a t th e  m u n ic ip a l le v e l .  A l t h o u g h  th e re  a re  o v e r  1 2 0  m u n ic ip a l i t ie s ,  th e  lo s s  o f  
v a r ia n c e  in  th e  v a r ia b le s  a n d  t h e i r  o b s e rv a t io n s  h a s  s ig n i f ic a n t ly  h a m p e re d  t h e i r  a b i l i t y  t o  p ro v id e  
a th o r o u g h  e x p la n a t io n  o f  th e  v a r ia t io n  in  e n r o lm e n t  ra te s . T h e  lo g i t  m o d e l,  w h i l s t  n o t  a  d ire c t  
d e f in i t io n  o f  th e  M D G  f o r  e d u c a t io n  e n ro lm e n t ,  is  a  s im p le  a n d  f le x ib le  m o d e l th a t  u s e d  th e  
e n t ir e  d e p th  o f  in f o r m a t io n  a v a ila b le  in  th e  s u rv e y s  a n d  th u s  h a s  m u c h  s t ro n g e r  re s u lts .
T h e  s ig n if ic a n t  fa c to rs  t h a t  a re  re la te d  to  e n r o lm e n t  in  e d u c a t io n  v a r y  d e p e n d e n t u p o n  th e  
e d u c a t io n  le v e l u n d e r  c o n s id e ra t io n .  H o w e v e r  th e re  a re  s o m e  c o m m o n  c o n c lu s io n s  th a t  c a n  b e  
d ra w n  f r o m  th e  e x e rc is e . F i r s t l y  th e  d e te rm in a n ts  o f  e d u c a t io n  s u c h  as in f r a s t r u c tu r e  a n d  c h ild  
m o r t a l i t y  ra te s  te n d e d  to  h a v e  l i t t l e  e f fe c t  o n  e n r o lm e n t  w h e n  te s te d  e m p ir ic a l ly  a c ro s s  th e  
d i f f e r e n t  e d u c a t io n  le v e ls .  H o w e v e r  e d u c a t io n  s u p p ly  e f fe c ts ,  w h e n  th e y  c o u ld  b e  m e a s u re d , d id  
te n d  to  b e  s ig n if ic a n t  fa c to rs  re la te d  t o  th e  e n r o lm e n t  d e c is io n ,  a lth o u g h  th e  s p e c if ic  s u p p ly  
v a r ia b le s  th a t  w e re  s ig n if ic a n t  v a r ie d  b e tw e e n  th e  e d u c a t io n  le v e ls .  I n  a d d it io n  in d iv id u a l  a n d  
h o u s e h o ld  fa c to rs  s u c h  as se x , f a m i ly  s iz e  a n d  th e  lo c a t io n  o f  th e  h o u s e h o ld  w e re  o f te n  
s ig n if ic a n t  in f lu e n c e s  o n  e n ro lm e n t .
A  k e y  r e s u l t  o f  th is  s tu d y  is  th a t  in  te rm s  o f  e d u c a t io n  a c ro s s  th e  d i f f e r e n t  le v e ls ,  in  
g e n e ra l,  th e re  te n d e d  to  b e  s tro n g  e f fe c ts  o f  c o n s u m p t io n  p e r  c a p ita  a n d  th e  w a g e  p r e m iu m  o n  th e  
p r o b a b i l i t y  o f  e n r o lm e n t  in  e d u c a t io n .  M a n y  o th e r  s tu d ie s  h a v e  o m it te d  th e s e  fa c to rs  f o r  v a r io u s  
re a s o n s  in c lu d in g  th e  c h o ic e  o f  th e o r e t ic a l m o d e l.  F r o m  th e  re s u lts  d e s c r ib e d  h e re , i t  c a n  b e  
c o n c lu d e d  th a t  t h e i r  o m is s io n  w i l l  l i k e l y  le a d  t o  b ia s e d  e s t im a te s  a n d  th e  s iz e  o f  th e  im p a c t  
e la s t ic it ie s  in  o th e r  s tu d ie s  m a y  b e  a d v e rs e ly  a f fe c te d  b y  th e  o m is s io n  o f  th e s e  v a r ia b le s  f r o m  th e  
e s t im a t io n s .  I n  p a r t ic u la r  i t  h a s  b e e n  n o te d  th a t  p re v io u s  w o r k  h a s  c o n c e n tra te d  o n  th e  s tro n g  
e f fe c t  o f  th e  e d u c a t io n  s p e n d in g  o r  c o s t o f  e d u c a t io n  v a r ia b le  u p o n  th e  p r o b a b i l i t y  o f  e n ro lm e n t .  
T h e  re s u lts  o f  th e  e s t im a t io n  c o n d u c te d  f o r  N ic a ra g u a  s h o w  th a t  a t  n o  e d u c a t io n  le v e l w a s  th e  
e x p e n d itu re  o n  e d u c a t io n  s ig n i f ic a n t ly  re la te d  to  e ith e r  th e  p r o b a b i l i t y  e n r o lm e n t  o r  th e  m u n ic ip a l 
e n r o lm e n t  ra te . O n e  p o s s ib le  re a s o n  m a y  b e  th a t  th e  s ig n if ic a n t  a n d  s t ro n g  re s u lts  f o r  e d u c a t io n  
s p e n d in g  a re  d u e  to  th e  fa c t  th a t  t h is  is  c o r re la te d  w i t h  th e  c o n s u m p t io n  p e r  c a p ita  a n d  th a t  th e  
o m is s io n  o f  c o n s u m p t io n  f r o m  th e  e s t im a t io n s  h a s  le d  to  t h is  e f fe c t  b e in g  c a p tu re d  in  th e  
s p e n d in g  v a r ia b le  a lth o u g h  i t  is  n o t  p o s s ib le  to  c o n c lu d e  th is  w i t h o u t  f u r t h e r  te s t in g .
T h e  la rg e  p o s i t iv e  e f fe c ts  f r o m  c o n s u m p t io n  p e r  c a p ita  s h o w  th a t  h o u s e h o ld s  w i l l  in v e s t  
in  e d u c a t io n  as t h e i r  c a p a c ity  t o  d o  so  in c re a s e s . T h e  p o s i t iv e  e f fe c t  o f  th e  w a g e  p r e m iu m  s h o w s  
th a t  h o u s e h o ld s  m a k e  d e c is io n s  f o r  e n r o lm e n t  b a se d  u p o n  fu tu r e  e x p e c te d  re tu rn s  a n d  as th o s e  
re tu rn s  b e c o m e  m o r e  u n e q u a l b e tw e e n  lo w  a n d  h ig h  e d u c a t io n  le v e ls ,  th e  d e s ire  t o  h a v e  m e m b e rs  
i n  h ig h e r  e d u c a t io n  le v e ls  a ls o  in c re a s e s . T h is  h a s  v e r y  im p o r ta n t  p o l ic y  c o n s id e ra t io n s  as th e  
in c re a s in g  re tu rn s  t o  e d u c a t io n  d r iv e  e n ro lm e n t ,  th e y  a ls o  p ro m o te  in e q u a l i t y  f o r  th o s e  w h o  s t i l l  
h a v e  lo w  e d u c a t io n  le v e ls  a n d  f o r  v a r io u s  re a s o n s , fa c e  s ig n if ic a n t  b a r r ie rs  t o  in c re a s in g  t h e i r  
e d u c a t io n  le v e ls .
O n e  f in a l  c a v e a t is  th a t  in  e a c h  e s t im a t io n ,  th e  s a m p le  w a s  re s t r ic te d  to  th o s e  in d iv id u a ls  
in  th e  id e a l a g e -e d u c a t io n  c o h o r t.  W h i l s t  N ic a ra g u a  fa c e s  s t ro n g  a d ju s tm e n t  d i f f ic u l t ie s  in  
in c re a s in g  th e  e d u c a t io n  le v e ls  o f  i t s  p o p u la t io n ,  th e re  w i l l  b e  s ig n if ic a n t  f l u i d i t y  in  th e  ag e  o f  
in d iv id u a ls  a t th e  v a r io u s  e d u c a t io n  le v e ls  as o ld e r  in d iv id u a ls  b e g in  o r  r e tu r n  t o  e d u c a t io n . I n  
p a r t ic u la r  th e  a g e -e d u c a t io n  c o h o r t  f o r  t e r t ia r y  e d u c a t io n  w a s  v e r y  r e s t r ic t iv e  c o n s id e r in g  th a t
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m a n y  c o u n t r ie s  v ie w  t e r t ia r y  e d u c a t io n  as a  l i f e - lo n g  p ro c e s s  a n d  a v e ra g e  ages o f  p a r t ic ip a t io n  
a re  o f te n  f a r  h ig h e r  th a n  th e  u p p e r  l i m i t  o f  2 2  c o n s id e re d  in  t h is  s a m p le . H o w e v e r  th e  re s t r ic te d  
s a m p le  w a s  c h o s e n  to  m in im iz e  th e  e f fe c ts  o f  o th e r  l i f e  c y c le  fa c to rs ,  s u c h  as f a m i ly  d e c is io n s  
a n d  c a re e rs , u p o n  th e  d e c is io n  to  e n ro l in  t e r t ia r y  e d u c a t io n .
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I I .  H E A L T H
A  c o re  c o m p o n e n t  o f  th e  w e l lb e in g  o f  a  p o p u la t io n  is  i t s  h e a lth  a n d  th e  M D G s  a d d re ss  th is  is s u e  
in  s e v e ra l g o a ls , o n e  o f  w h ic h  is  th e  re d u c t io n  o f  in f a n t  a n d  c h ild  m o r t a l i t y  ra te s . 8 T h e  g r o w in g  
in te r e s t  in  s o c ia l d e v e lo p m e n t  is s u e s  a n d  t h e i r  l i n k s  t o  e c o n o m ic  c h a ra c te r is t ic s  o f  th e  p o p u la t io n  
a c k n o w le d g e  th e  im p o r ta n t  e f fe c ts  e c o n o m ic  fa c to rs  c a n  h a v e  o n  h e a lth  o u tc o m e s . T h is  s e c t io n  
p re s e n ts  th e  re s u lts  o f  th e  a p p lic a t io n  o f  a n  e c o n o m e tr ic  m o d e l t o  fa c to rs  re la te d  to  c h i ld  
m o r t a l i t y  f o r  N ic a ra g u a .
A. M DG 4 IN NICARAGUA
M D G  4  s ta te s  a  g o a l f o r  e v e r y  c o u n t r y  b y  2 0 1 5  f o r  th e  re d u c t io n  b y  tw o - t h i r d s  o f  th e  c h ild  
m o r t a l i t y  ra te  c o m p a re d  to  th e  1 9 9 0  le v e l .  T h e r e  a re  th re e  in d ic a to r s  f o r  t h is  M D G ,  th e  u n d e r - f iv e  
m o r t a l i t y  ra te , th e  in f a n t  m o r t a l i t y  ra te  w h ic h  is  th e  m o r t a l i t y  ra te  o f  c h i ld re n  in  t h e i r  f i r s t  12 
m o n th s  a n d  th e  p r o p o r t io n  o f  1 y e a r  o ld  c h ild re n  im m u n iz e d  a g a in s t  m e a s le s . T h e  o f f ic ia l  
c o u n t r y  d a ta  f o r  e a c h  in d ic a to r  is  g iv e n  in  ta b le  11 b e lo w .
T a b l e  1 1
I N D I C A T O R S  O F  C H I L D  M O R T A L I T Y ,  M D G  4  F O R  N I C A R A G U A  a /
( V a r i o u s  u n i t s )
Y e a r
C h i l d  m o r t a l i t y  r a t e  
( u n d e r  5  y e a r s  o f  a g e ,  
p e r  1 0 0 0  l i v e  b i r t h s )  b /
I n f a n t  m o r t a l i t y  r a t e ,  
( l e s s  t h a n  1 y e a r ,  p e r  
1 0 0 0  l i v e  b i r t h s )  b /
M e a s l e s  i m m u n i z a t i o n  
r a t e  ( p r o p o r t i o n  o f  
c h i l d r e n  l e s s  t h a t  1 y e a r  
i m m u n i z e d )  b /
1 9 9 0 6 8 5 2 8 2
1 9 9 5 5 0 4 1 8 5
2 0 0 0 4 3 3 4 8 6
2 0 0 4 3 8 3 1 8 4
2 0 1 5  t a r g e t 2 3 1 8 1 0 0
S o u r c e :  D a t a  f r o m  U n i t e d  N a t i o n s  S t a t i s t i c s  D i v i s i o n  ( h t t p : / / m d g s . u n . o r g / u n s d / m d g / d e f a u l t . a s p x ) .  
a /  E s t i m a t e d  d a t a  o n l y .
b /  A p p e n d i x  I  c o n t a i n s  d e f i n i t i o n s  o f  t h e  M D G  i n d i c a t o r s  f o r  c h i l d  m o r t a l i t y .  A p p e n d i x  I I  c o n t a i n s  
d e t a i l s  o f  t h e  c o n s t r u c t i o n  o f  t h e  M D G  i n d i c a t o r  v a r i a b l e s .
8 Child mortality is defined as the mortality rate o f those children less than 5 years o f age. 
Infant mortality is defined as the mortality o f those aged less than 1 year. Whilst another health related 
MDG, MDG 5, sets goals for improvement in rates of maternal mortality, it was omitted from this MDG 
analysis due to the lack o f suitable data in Nicaragua for this goal and its indicators.
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T h e  c h i ld  m o r t a l i t y  ra te  f o r  N ic a ra g u a  in  2 0 0 4  h a s  n e a r ly  h a lv e d  c o m p a re d  t o  i t s  le v e l in  
1 9 9 0 , t o  3 8  c h ild re n  p e r  1 0 0 0 . A  s im i la r  t re n d  o c c u r re d  f o r  th e  in f a n t  m o r t a l i t y  ra te , d ro p p in g  
f r o m  5 2  to  31  in fa n ts  p e r  1 0 0 0  l i v e  b i r th s  in  2 0 0 4 .  W i t h  th e s e  e s t im a te s  i t  w o u ld  s e e m  th a t  a 
l in e a r  p r o je c t io n  w o u ld  see N ic a ra g u a  b e in g  a b le  to  m e e t  i t s  c o m m itm e n ts  t o  M D G  4  b y  2 0 1 5 . 
T h e  ra te  o f  m e a s le s  im m u n iz a t io n  f o r  in fa n ts  h a d  a ls o  b e e n  s te a d ily  in c re a s in g ,  p e a k in g  a t 9 8  
p e rc e n t o f  th e  p o p u la t io n  in  2002, b u t  in  th e  la s t  t w o  y e a rs  o b s e rv e d , h a s  a g a in  d ro p p e d  to  th e  
s a m e  le v e ls  as a  d ec ad e  a g o . H o w e v e r  s in c e  a l l  o f  th e s e  v a lu e s  a re  e s t im a te s  o n ly ,  i t  w o u ld  b e  
u n w is e  t o  d ra w  a n y  c o n c re te  c o n c lu s io n s  a b o u t a n y  s u d d e n  c h a n g e s  b e tw e e n  e s t im a te s .  A t  th is  
p o in t  i t  se e m s  th a t  N ic a ra g u a  is  m a k in g  s te a d y  p ro g re s s  in  re d u c in g  c h i ld  m o r t a l i t y  a n d  
im p r o v in g  c h i ld  a n d  in f a n t  h e a lth  a c ro s s  th e  c o u n t r y .
B. PREVIOUS HEALTH LITERATURE
E m p ir ic a l  w o r k  re la te d  to  in f a n t  a n d  c h ild  m o r t a l i t y  ( M D G  4 )  is  a  p o p u la r  s u b je c t o f  a n a ly s is  f o r  
d e v e lo p in g  c o u n t r ie s  b u t  is  o f te n  h a m p e re d  b y  th e  la c k  o f  c o m p re h e n s iv e  d a ta  n e e d e d  f o r  ro b u s t  
e v a lu a t io n s .  T h is  s e c t io n  p ro v id e s  a b r i e f  o v e r v ie w  o f  th e  f o r  N ic a ra g u a  a n d  in  o th e r  c o u n tr ie s .
T h e re  e x is t  n u m e ro u s  s tu d ie s  th a t  a n a ly s e  v a r io u s  in d ic a to r s  o f  w e l lb e in g ,  f r o m  in f a n t  
m o r t a l i t y  t o  l i f e  e x p e c ta n c y . T h e  m e th o d s  o f  e s t im a t io n  o f te n  v a r y  f r o m  s tu d y  t o  s tu d y  d e p e n d in g  
u p o n  th e  a v a ila b le  d a ta  a n d  th e  in d ic a to r  o f  in te r e s t .  H a z a rd  m o d e ls  le n d  th e m s e lv e s  to  
a p p lic a t io n s  in  th e  e s t im a t io n  o f  c h i ld  m o r t a l i t y  a n d  h a v e  b e e n  u s e d  in  th e  s tu d y  o f  c h i ld  s u r v iv a l  
b y  V o s  a n d  o th e rs  ( 2 0 0 5 )  f o r  E c u a d o r .  U s in g  d a ta  f r o m  a d e m o g ra p h ic  h e a lth  s u rv e y  in  1 9 9 9 , th e y  
c a p tu re  a ll b ir th s  a n d  d e a th s  s in c e  1 9 9 4  f o r  c h ild re n  ra th e r  th a n  s im p ly  th e  s ta tu s  o f  th e  la s t  c h i ld  as 
is  c o m m o n  in  th e  L S M S  s tu d ie s . T h e y  f in d  th a t  f o r  in fa n t  m o r ta l i t y ,  s e x  a n d  b i r th  o rd e r  a n d  
p re m a tu re  s ta tu s  a re  a l l  im p o r ta n t  in d iv id u a l  in d ic a to r s  o f  m o r t a l i t y  w i t h  m a le s  s u f fe r in g  a  h ig h e r  
m o r t a l i t y  ra te  th a n  fe m a le s .  H e a l th  c a re  a n d  p re -n a ta l c o n tr o ls ,  m a te rn a l e d u c a t io n ,  h o u s e h o ld  
s iz e  a n d  re g io n  d u m m ie s  a re  s ig n if ic a n t  d e te rm in a n ts  o f  in f a n t  m o r ta l i t y .  V a n  d e r  K la a w  a n d  
W a n g  ( 2 0 0 4 )  a ls o  u s e  a h a z a rd  m o d e l t o  assess d e te rm in a n ts  o f  c h i ld  m o r t a l i t y  in  I n d ia .  T h e y  
f in d  th a t  in  I n d ia  fa c to rs  th a t  s ig n i f ic a n t ly  a f fe c t  th e  p r o b a b i l i t y  o f  m o r t a l i t y  a re  s e x  (a  la rg e  
n e g a t iv e  e f fe c t  f o r  fe m a le s ) ,  p a re n ta l e d u c a t io n , m e a s u re s  o f  h o u s e h o ld  w e a l th ,  a n d  th e  p re s e n c e  
o f  r u n n in g  w a te r  a n d  s a n ita t io n .  I n  a d d it io n  a ccess t o  h e a lth  s e rv ic e s  is  a  s ig n if ic a n t  d e te rm in a n t .
F a y  a n d  o th e rs  ( 2 0 0 5 )  c o n d u c t  a  c ro s s  c o u n t r y  s tu d y  o n  th e  d e te rm in a n ts  o f  th e  th re e  
h e a lth  re la te d  M D G  in d ic a to rs ,  in fa n t ,  c h i ld  a n d  m a te rn a l m o r ta l i t y .  W i t h  D H S  d a ta  f r o m  3 9  
d e v e lo p in g  c o u n t r ie s  th e  a u th o rs  u s e  a m a x im u m  l i k e l ih o o d  e s t im a t io n  p ro c e d u re  to  c a lc u la te  th e  
e f fe c ts  o f  m a c ro e c o n o m ic  a n d  s o c ia l d e v e lo p m e n t  d e te rm in a n ts  o n  th e  th re e  ra te s .  T h e y  f in d  th a t  
in c re a s e  in  G D P ,  e q u a l i t y  a n d  fe m a le  l i t e r a c y  h a v e  n e g a t iv e  e f fe c ts  o n  m o r t a l i t y  w h i l s t  
u r b a n iz a t io n ,  la c k  o f  ac cess t o  s e rv ic e s , m a ln u t r i t io n ,  a n d  la c k  o f  in f r a s t r u c tu r e  te n d  t o  b e  
p o s i t iv e ly  re la te d  to  th e  m o r t a l i t y  ra te s .
O th e r  re la te d  fo r m s  o f  s tu d y  in c lu d e  a n  e x a m p le  o f  a s tu d y  f o r  M e x ic o  th a t  a n a ly z e d  th e  
e c o n o m ic  c r is is  a n d  i t s  a f fe c ts  o n  th e  m o r t a l i t y  ra te  ( C u t le r  a n d  o th e rs ,  2 0 0 2 ) .  B y  u s in g  a d o u b le ­
d if fe re n c e  m e th o d o lo g y  a n d  d a ta  f r o m  b e fo re  a n d  a f te r  th e  c r is is  in  M e x ic o ,  th e  a u th o rs  f in d  th a t  
c r is e s  d o  in d e e d  h a v e  a n e g a t iv e  e f fe c t  o n  th e  m o r t a l i t y  ra te  a n d  a s s o c ia te d  c o v a r ia te s  s u c h  as 
fe m a le  la b o u r  p a r t ic ip a t io n .
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With respect to Nicaragua, the World Bank poverty assessment (2001) conducted an 
empirical study on the determinants of infant and child mortality using Nicaraguan DHS data 
from 1993-1998. The estimation was a probability model of survival at age 5. The report shows 
that maternal and child health care practices are the most significant positive factor, maternal 
education is also a significant positive factor, pregnancy at a young age is a significant negative 
factor and another factor is access to safe drinking water.
C. DATA AND RESULTS
Data limitations restrict the choice of model that can be applied to estimate the determinants of 
child mortality in Nicaragua. Whilst a common empirical estimation technique is the hazard 
model which lends itself to determining child mortality, there is insufficient information within 
the LSMS 2001 data set to employ such a model. 9 The 2001 data set for Nicaragua allows the 
identification of those individuals under 5 years of age who have died and combining this with 
the individuals who are alive under 5 years for the same households, a sample was constructed 
for the child mortality measure. The 2001 household survey contains responses to basic questions 
for mothers about the state of health of their last child and their activities regarding health care 
during and after the pregnancy. However the sample of mortality is much smaller than the total 
rate as these factors are only reported for the last child born and also due to probable under­
reporting of deaths. This makes the sample too small for the estimation of robust models of 
mortality. Instead the data on mortality was collected from a separate set of questions about all 
family mortalities, which does not restrict the sample of under 5 year olds to the last born per 
mother. Censoring this sample for the under 5 population gives a mortality rate closer to the 
MDG rate, but still exhibits some evidence of under-reporting compared to the official 2000 
estimate for Nicaragua. Another disadvantage is that the general mortality questions cannot 
identify the mother for every child and so the maternal health care behaviours cannot be added to 
the model. In addition the survey contains no information about health care for children who have 
died. Therefore, instead the models applied in this chapter employ household level factors of 
family characteristics and distance from health care centres in addition to individual and 
municipal characteristics.
With the 2001 survey linked to the 1998 survey it is possible to form a panel in some 
cases for the changes in households over time. Unfortunately the lack of questions in the 1998 
survey about mortality has ruled out the option of a panel being constructed for estimation of 
child mortality and so only the 2001 data was used. Given that it is not possible to estimate a 
hazard model for child mortality, a simple logit model of the probability of mortality before age 5 
is estimated. The model has the form:
P r(Mort = l 1 x i ) = F (x iP) (II11 )
9 In particular it is not possible to identify the births and deaths o f all children who have died 
and so are not present in the survey. In addition there is no information about health seeking behaviours of 
families or characteristics o f the individual children who have died. This is only collected for those 
children who are alive in the sample.
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where i is the individual household. Mort is MDG indicator of child mortality, taking a value of 1 
if the child of less than 5 years died and zero otherwise. F () is the standard logistic function and 
the matrix x contains vectors of relevant socio-economic factors thought to affect child mortality. 
In terms of the factors related to child mortality, the model includes household per capita 
consumption, access to water, access to sanitation, health services provision, and infrastructure. 
In addition a number of other variables are included in the estimation. A proportions model based 
on the cross-section of municipal level mortality rates was also estimated in order to compare the 
results of the two methodologies.
As in the previous chapter’s discussion of education enrolment, the issue of causality and 
the possible endogeneity between child mortality and the explanatory variables is recognised as a 
weakness of this modelling methodology. The model estimated here is not intended to be a 
complete deterministic model of child mortality. Given that child mortality rates are an example 
of a health outcome, rather than a health process it would be difficult to justify that the simple 
model employed here can explain the complex interrelationships between the mix of socio­
cultural and economic factors that determine child mortality. However this estimation still 
provides a good first indicator of some of the individual, household and municipal covariates that 
are related to child mortality.
Some descriptive statistics of child mortality and potential explicators for households that 
have had children in the target group are given in table 12 below. The child mortality rate is only 
just over half the official rate for 2000 for Nicaragua, which (as noted above) is possibly due to 
some under-reporting of deaths by the head of the household. The indicator of health services 
supply is given as the average time, in minutes, to travel to the nearest health care facility. Other 
details of health care delivery are given in the survey, but only for those children alive and not for 
those who had died.
T a b l e  1 2
S U M M A R Y  M E A S U R E S  O F  C H I L D  M O R T A L I T Y  A N D  O T H E R  S O C I O E C O N O M I C
F A C T O R S ,  N I C A R A G U A ,  2 0 0 1
( V a r i o u s  u n i t s )
V a r i a b l e T o t a l C h i l d  a l i v e
C h i l d  n o t  
a l i v e
C h i l d  m o r t a l i t y  p e r  1 0 0 0  l i v e  b i r t h s 2 3 . 3
A v e r a g e  t i m e  t o  t r a v e l  t o  n e a r e s t  h e a l t h  c a r e  f a c i l i t y  ( m i n u t e s ) 5 2 . 1 5 2 . 0 6 0 . 1
A c c e s s  t o  w a t e r  ( p e r c e n t ) 7 3 . 3 7 3 . 6 6 2 . 7
A c c e s s  t o  s a n i t a t i o n  ( p e r c e n t ) 3 7 . 3 3 7 . 6 2 5 . 4
H o u s e h o l d  p e r  c a p i t a  c o n s u m p t i o n  ( C o r d o b a s  p e r  m o n t h ) 5  6 2 0 5  6 4 6 4  5 4 2
I n f r a s t r u c t u r e  p r o x y  ( R e n t a l  c o s t  p e r  m o n t h  i n  h o u s e h o l d ) 2 9 1 . 3 2 9 2 . 5 2 3 9 . 5
R e g i o n  ( p e r c e n t  u r b a n ) 4 6 . 1 4 6 . 1 4 9 . 2
N u m b e r  o f  m e m b e r s  o f  h o u s e h o l d 7 . 3 7 .3 6 . 6
S e x  ( p e r c e n t  m a l e ) 5 0 . 9 5 0 . 5 6 7 . 8
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 3 . 5 3 .5 2 . 6
Source: A uthor’s calculations based on  inform ation in  2001 LSM S household survey.
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The distance to  health centres w as greater for those households w ith recorded m ortalities 
com pared to  those households w ithout recorded m ortalities. A ccess to w ater and sanitation, 
household per capita consum ption and the average years o f  study for the head o f  the household 
w ere low er for households w ith m ortalities. H ow ever it is interesting to  note households w ith 
m ortalities w ere m ore likely to  live in urban areas, although this could be a sam pling anomaly.
Estim ation results
The sim ple logit m odel w as estim ated for the probability o f  child m ortality. In addition a 
proportions m odel w as estim ated sim ilar to  that described in the previous chapter. In this case the 
dependent variable w as the m unicipal level m ortality rate and the equation w as estim ated, once 
again, follow ing the technique o f  Papke and W ooldridge (1996). The results o f  the elasticities o f 
each equation are given in table 13, w hilst the coefficient estim ates are detailed in A ppendix 3.
The results o f  the estim ations show  that higher per capita consum ption is associated w ith 
falls in child m ortality and the m ortality rate increases for those in urban areas. These tw o factors 
are the only effects that are unam biguously significant in both m odels w here they w ere related to 
elastic responses in the rate o f  child m ortality at the m unicipal level, and inelastic responses at the 
individual level. W hilst the individual logit m odel used individual level data, the m unicipal level 
proportions m odel used m unicipal averages for all o f  the independent variables.
T a b l e  1 3
E L A S T I C I T I E S  F O R  C H I L D  M O R T A L I T Y  I N  N I C A R A G U A ,  2 0 0 1  a /
( V a r i o u s  u n i t s )
C h i l d  m o r t a l i t y  u n d e r  5  y e a r s E l a s t i c i t y P  v a l u e E l a s t i c i t y P  v a l u e
A v e r a g e  t i m e  t o  t r a v e l  t o  n e a r e s t  h e a l t h  c a r e  f a c i l i t y  ( m i n u t e s )  
A c c e s s  t o  w a t e r  ( p e r c e n t )
A c c e s s  t o  s a n i t a t i o n  ( p e r c e n t )
H o u s e h o l d  p e r  c a p i t a  c o n s u m p t i o n  ( C o r d o b a s  p e r  m o n t h )  
I n f r a s t r u c t u r e  p r o x y  ( R e n t a l  c o s t  p e r  m o n t h  i n  h o u s e h o l d )  
R e g i o n  ( p e r c e n t  u r b a n )
N u m b e r  o f  m e m b e r s  o f  h o u s e h o l d  
S e x  ( p e r c e n t  m a l e )
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d  b /
0 . 0 1 1 8
- 0 . 3 2 6 8
- 0 . 1 3 1 5
- 0 . 6 1 3 3
0 . 1 2 9 6
0 . 3 3 2 6
- 0 . 9 5 3 2
0 . 3 5 9 3
- 0 . 2 2 6 6
0 . 8 5 6
0 . 1 3 8
0 . 3 0 9
0 . 0 3 4
0 . 1 0 4
0 . 0 1 9
0 . 0 0 3
0 . 0 1 1
0 . 1 3 5
0 . 0 2 0 8
- 1 . 1 4 2 2
- 0 . 6 2 4 1
- 1 . 4 9 6 6
0 . 6 1 9 5
1 . 3 7 8 9
- 0 . 0 3 0 8
1 .4 3 6 1
0 . 0 6 7 9
0 . 9 4 1
0 . 1 0 9
0 . 1 0 9
0 . 0 5 9
0 . 0 7 3
0 . 0 0 0
0 . 9 8 0
0 . 2 6 6
0 . 9 0 6
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s .
a /  E s t i m a t i o n s  c o r r e c t e d  f o r  h e t e r o s k e d a s t i c i t y  a n d  c l u s t e r i n g  a t  t h e  m u n i c i p a l  l e v e l .
b /  A l t h o u g h  i t  w o u l d  h a v e  b e e n  o f  g r e a t  i n t e r e s t  t o  a n a l y s e  t h e  e d u c a t i o n  l e v e l s  o f  t h e  m o t h e r  a n d  f a t h e r ,  t h e  s u r v e y  
d a t a  l a c k e d  t h e  a b i l i t y  t o  i d e n t i f y  t h e  s p e c i f i c  p e r s o n s  i n  t h e  h o u s e h o l d  w h o  w e r e  p a r e n t s  o f  t h e  l i v i n g  a n d  
d e c e a s e d  c h i l d r e n .
27
The health supply variable w as not significant in either case, although it had the expected 
sign. In addition access to  water, access to  sanitation and the dum m y variable for sex all had 
expected signs but w ere not related to  child m ortality rates in the sample. The num ber o f 
m em bers o f  the household w as significantly negatively related to  child m ortality at the individual 
level, how ever the proportions m odel, using m unicipal averages for each independent variable, 
found no significant relationship at the local level. This could be due to  the aggregation problem  
the proportions m odel faces as individual or household level variation is lost w hen aggregating 
variables to  the m unicipal level. The education level o f  the head o f  the household also had no 
effect on child m ortality.
D. COMMENTS
Child m ortality rates in N icaragua are high, bu t have experienced a steady decline since 1990. A t 
this stage the data show that it is probable that N icaragua w ill m eet the 2015 M D G  4 obligation 
w ith continued efforts in this sector.
In term s o f  the ability to  determ ine the influential factors o f  child m ortality, the lack o f 
detailed data and the necessarily sim ple analytical m odel to  the sim ple fram ew ork o f  analysis, the 
results are far m ore uncertain. The LSM S 2001 data restrictions have also forced the m odel to 
om it factors such as m aternal care and health  care behaviour during pregnancy and in the first 
five years o f  the ch ild ’s life. The results show  that the lim ited data w ithin the LSM S surveys and 
the variables collected have little capacity to  explain, even w ithin the partial equilibrium  
fram ew ork, the variation in child m ortality incidence in N icaraguan households. There is a strong 
relationship betw een child m ortality and household per capita consum ption levels bu t the 
possible effects o f  other household and local factors are m ore am biguous, including the health 
supply variable. N either w as there a clear advantage in using the logit or proportions m odels w ith 
both m ethodologies giving m ostly statistically insignificant results.
The conclusions that can be draw n from  this analysis are lim ited. In term s o f  the capacity 
for these results to  feed into m ore com plex general equilibrium  type m odels that include a child 
m ortality com ponent, this analysis provides a starting point for such work. G iven the data 
lim itations and the lack o f  robust significant estim ates little else can be said about the pattern and 
covariates o f  child m ortality in N icaragua. O vercom ing data restrictions to  allow  a better analysis 
o f  the relationships betw een child m ortality incidence and household and other social 
developm ent characteristics is a clear priority. In th is case it is useful to  consider further research 
into this area such as follow ing the m ethodology o f  V os and others, 2005 for E cuador and their 
use o f  the detailed dem ographic health survey (D H S) data w hich has m ore extensive inform ation 
on health care.
28
I I I .  W A T E R  A N D  S A N IT A T IO N
A c c e s s  t o  a d e q u a te  w a te r  a n d  s a n ita t io n  a re  n o r m a l ly  c o n s id e re d  c o re  in f r a s t r u c tu r e  c o m p o n e n ts  
p ro v id e d  b y  a  c o u n t r y  t o  i t s  c it iz e n s .  In f r a s t r u c tu r e  p r o v is io n  re m a in s  a n  u n d e rd e v e lo p e d  
c o m p o n e n t  o f  m ic r o e c o n o m ic  t h e o r y  a n d  as s u c h  th e re  a re  n o  c o n v e n t io n a l th e o r e t ic a l m o d e ls  o f  
w a te r  a n d  s a n ita t io n  p r o v is io n  f r o m  w h ic h  to  d e r iv e  a  s e t o f  d e te rm in a n ts .  T h e  c o n s u m p t io n  o f  
th e  w a te r  a n d  s a n ita t io n  s e rv ic e s  is  s im i la r  t o  th e  b e h a v io u r  o f  a  n o r m a l g o o d , f o r  e x a m p le  th e  
p r ic e  e f fe c t  o f  th e  w a te r  c o n s u m p t io n  fu n c t io n  w o u ld  b e  e x p e c te d  t o  b e  n e g a tiv e .
T h e  in f r a s t r u c tu r e  p r o v is io n  n e c e s s a ry  t o  e n s u re  access t o  a d e q u a te  w a te r  a n d  s a n ita t io n  
s e rv ic e s  in v o lv e s  la rg e  f ix e d  c o s ts , c h a n g in g  v a r ia b le  a n d  m a in te n a n c e  c o s ts  a n d  a p e rc e iv e d  
lo n g - r u n  r e tu r n  f o r  th e  s ta te  o r  p r iv a te  e n te rp r is e .  I n  a d d it io n  c o m p e t it io n  f o r  th e  s u p p ly  o f  th e  
in f r a s t r u c tu r e  o n ly  ta k e s  p la c e  p r io r  t o  i t s  p r o v is io n .  A s  h o u s e h o ld s  d o  n o t  n e e d  m u l t ip le  
p r o v id e rs  o f  w a te r  o r  s a n ita t io n ,  a n d  a n y  s u b s e q u e n t s h i f t  t o  o th e r  p ro v id e rs  o f  access w o u ld  
in v o lv e  p r o h ib i t iv e ly  la rg e  f ix e d  c o s ts  f o r  th e  c h a n g e  in  th e  in f r a s t r u c tu r e ,  c o m p e t i t io n  w o u ld  
u s u a l ly  b e  e n c o u n te re d  in  te rm s  o f  c h o ic e  o f  s u p p l ie r  o f  th e  s e rv ic e ,  b u t  n o t  c h o ic e  in  th e  s u p p lie r  
o f  th e  in f r a s t r u c tu re .  I n  th is  se nse  th e  m a r k e t  is  s im i la r  t o  th a t  o f  o th e r  u t i l i t i e s  su c h  as gas, 
e le c t r ic i t y  a n d  la n d l in e  te le p h o n y .  T h is  m e a n s  th a t  r e g u la r  m ic r o e c o n o m ic  d e m a n d  m o d e ls  o f  
c o m p e t i t iv e  m a rk e ts  c a n n o t  b e  e a s i ly  a p p lie d  in  th e  p r o v is io n  o f  access t o  w a te r  a n d  s a n ita t io n  
s e rv ic e s , w h e r e  access is  th e  k e y  te r m  th a t  d e f in e s  th e  d i f fe re n c e  b e tw e e n  th e  r e g u la r  
c o n s u m p t io n  a n d  th e  in f r a s t r u c tu r e  e s ta b lis h m e n t .
T h is  s e c t io n  s tu d ie s  th e  s i tu a t io n  o f  access t o  a d e q u a te  w a te r  a n d  s a n ita t io n  in  N ic a ra g u a  
g iv e n  in f o r m a t io n  p ro v id e d  in  th e  L S M S  2 0 0 1  s u rv e y  d a ta . F r o m  th e  a v a i la b le  d a ta , a lte rn a t iv e s  
f o r  th e  s p e c if ic a t io n  o f  m o d e ls  o f  th e  p r o b a b i l i t y  o f  access t o  w a te r  a n d  s a n ita t io n  a re  d e r iv e d  a n d  
e m p ir ic a l ly  e s t im a te d . T h e  re s u lts  a re  d is c u s s e d  in  te rm s  o f  th e  im p o r ta n c e  o f  th e  d e te rm in a n ts  
f o r  th e  f u l f i lm e n t  o f  M D G  7.
A. ACCESS TO W ATER AND SANITATION IN NICARAGUA
T h e  M D G  7  t o  e n s u re  e n v ir o n m e n ta l  s u s ta in a b i l i t y ,  c o n ta in s  t w o  in d ic a to r s  o f  a c h ie v e m e n t  
re la te d  to  w a te r  a n d  s a n ita t io n  acc ess; th e  p r o p o r t io n  o f  th e  p o p u la t io n  w i t h  s u s ta in a b le  ac cess to  
a n  im p r o v e d  w a te r  s o u rc e , u rb a n  a n d  r u r a l  a n d  th e  p r o p o r t io n  o f  th e  p o p u la t io n  w i t h  s u s ta in a b le  
access to  im p r o v e d  s a n ita t io n  ( U n ite d  N a t io n s  S ta t is t ic s  D iv is io n ,  2 0 0 6 ) .  T h e  s p e c if ic  g o a l f o r  
th e s e  in d ic a to r s  is  t o  h a lv e ,  b e tw e e n  1 9 9 0  a n d  2 0 1 5 ,  th e  p r o p o r t io n  o f  p e o p le  w i t h o u t  access to  
s a fe  d r in k in g  w a te r  a n d  b a s ic  s a n ita t io n .  T a b le  14  b e lo w  re p ro d u c e s  th e  o f f ic ia l  v a lu e s  f o r  
N ic a ra g u a  o f  th e  in d ic a to r s  f o r  th e  M D G s  a n d  c o m p a re s  th e s e  to  th e  in d ic a to r s  f o r  th e  1 9 9 8  a n d  
2001 h o u s e h o ld  s u rv e y  d a ta .
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Table 14
INDICATORS OF A CH IEV EM EN T OF ACCESS TO W A TER  AND SANITATION FO R  M D G  7 a/
( P e r c e n t a g e  o f  p o p u l a t i o n )
V a r i a b l e 1 9 9 0 1 9 9 8 2 0 0 1 2 0 0 4
2 0 1 5
t a r g e t
P r o p o r t i o n  o f  p o p u l a t i o n  w i t h  s u s t a i n a b l e  a c c e s s  t o  a n  i m p r o v e d  w a t e r
7 0 8 3 8 6 7 9 8 5
s o u r c e ,  t o t a l
P r o p o r t i o n  o f  p o p u l a t i o n  w i t h  s u s t a i n a b l e  a c c e s s  t o  a n  i m p r o v e d  w a t e r
9 1 9 0
s o u r c e ,  u r b a n
P r o p o r t i o n  o f  p o p u l a t i o n  w i t h  s u s t a i n a b l e  a c c e s s  t o  a n  i m p r o v e d  w a t e r
4 6 6 3
s o u r c e ,  r u r a l
P r o p o r t i o n  o f  p o p u l a t i o n  w i t h  a c c e s s  t o  i m p r o v e d  s a n i t a t i o n ,  t o t a l 4 5 4 4 5 2 4 7 6 8
P r o p o r t i o n  o f  p o p u l a t i o n  w i t h  a c c e s s  t o  i m p r o v e d  s a n i t a t i o n ,  u r b a n 6 4 5 6
P r o p o r t i o n  o f  p o p u l a t i o n  w i t h  a c c e s s  t o  i m p r o v e d  s a n i t a t i o n ,  r u r a l 2 4 3 4
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  f o r  1 9 9 8  a n d  2 0 0 1  d a t a  f r o m  L S M S  s u r v e y s .  1 9 9 0  a n d  2 0 1 5  d a t a  f r o m  U n i t e d  N a t i o n s  
S t a t i s t i c s  D i v i s i o n  ( h t t p : / / m d g s . u n . o r g / u n s d / m d g / d e f a u l t . a s p x ) .  
a /  A p p e n d i x  I  c o n t a i n s  d e f i n i t i o n s  o f  t h e  M D G  i n d i c a t o r s  f o r  w a t e r  a n d  s a n i t a t i o n .  A p p e n d i x  I I  c o n t a i n s  d e t a i l s  o f  
t h e  c o n s t r u c t i o n  o f  t h e  M D G  i n d i c a t o r  v a r i a b l e s  f r o m  t h e  L S M S  1 9 9 8  a n d  L S M S  2 0 0 1  s u r v e y  d a t a .
T h e  v a lu e s  f o r  th e  w a te r  a n d  s a n ita t io n  c o v e ra g e  d o  d i f f e r  a c c o rd in g  t o  d a ta  s o u rc e . T h e  
p r o p o r t io n  o f  th e  p o p u la t io n  th a t  h a s  ac cess t o  im p r o v e d  w a te r  s o u rc e s  is  86 p e rc e n t a c c o rd in g  to  
th e  2 0 0 1  h o u s e h o ld  s u rv e y  d a ta  b u t  is  7 9  p e rc e n t a c c o rd in g  to  th e  U N  s ta t is t ic s  p ro v id e d  to  th e  
s ta t is t ic s  d iv is io n  b y  N ic a ra g u a  in  2 0 0 4 .  T h e r e fo r e  a c c o rd in g  t o  th e  h o u s e h o ld  s u rv e y s ,  th e  M D G  
7  h a s  a lr e a d y  b e e n  m e t  f o r  th e  in d ic a to r  o f  a d e q u a te  w a te r  access. O n e  c a v e a t, h o w e v e r ,  is  th a t  
th e  ta rg e t  f o r  th e  in d ic a to r  is  b a se d  o n  th e  le v e l in  1 9 9 0  w h ic h  is  ta k e n  f r o m  th e  U N S D  d a ta  a n d  
n o t  f r o m  h o u s e h o ld  s u rv e y s .  I n  te rm s  o f  access to  im p r o v e d  s a n ita t io n ,  th e  h o u s e h o ld  s u rv e y  d a ta  
o n c e  a g a in  g iv e s  h ig h e r  p ro p o r t io n s  in  2 0 0 1  th a n  th e  o f f ic ia l  d a ta  in  2 0 0 4 .  H o w e v e r  d e s p ite  th is  
im p r o v e m e n t ,  th e  s lo w  p ro g re s s  o f  t h is  in d ic a to r  a n d  th e  ta rg e t  o f  68 p e rc e n t c o v e ra g e  im p ly  th a t  
i t  m a y  b e  u n l i k e ly  th a t  N ic a ra g u a  w i l l  a c h ie v e  M D G  7  w i t h  re s p e c t t o  access to  im p r o v e d  
s a n ita t io n  b y  2 0 1 5 .
B. EM PIRICA L M ODELS OF W ATER AND SANITATION
T h e r e  is  l i t t l e  e c o n o m ic  th e o r y  f r o m  w h ic h  to  d e r iv e  t ra c ta b le  e m p ir ic a l m o d e ls  o f  w a te r  a n d  
s a n ita t io n  a c c ess . In s te a d  e s t im a ta b le  m o d e ls  m u s t  b e  d e r iv e d  f r o m  a p r io r i  a s s u m p t io n s  a b o u t th e  
re la t io n s h ip  o f  access t o  w a te r  a n d  a ccess t o  s a n ita t io n  a n d  a n y  e x p la n a to r y  v a r ia b le s .  I t  is  n a tu r a l 
t o  a s s u m e  th a t  th e  ac cess t o  e a c h  in d ic a to r  is  d e p e n d e n t o n  th e  p r o v is io n  o f  s u c h  w a te r  a n d  
s a n ita t io n  in f r a s t r u c tu r e  to  e a c h  h o u s e h o ld .  I n  a d d it io n ,  th e  q u a l i t y  o f  th e  in f r a s t r u c tu r e  c a n  b e  
a s s u m e d  to  b e  p o s i t iv e ly  re la te d  to  th e  q u a n t i t y  o f  w a te r  a n d  s a n ita t io n  s e rv ic e s  d e liv e re d  o r  p a id  
f o r  b y  th e  h o u s e h o ld .  In d e e d , th o s e  h o u s e h o ld s  w i t h o u t  access to  a d e q u a te  w a te r  a n d  s a n ita t io n  
m u s t  s t i l l  p a y  f o r  s o m e  e q u iv a le n t  s e rv ic e  s u c h  as p u rc h a s in g  b o t t le d  w a te r  a n d  u s in g  o th e r  
c o m m u n i t y  o r  p r iv a te  s a n ita t io n  re s o u rc e s  a t a c o s t.  A ls o  f o l l o w in g  th is  lo g ic ,  i t  c a n  a ls o  b e
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assum ed that the provision is m ore likely i f  other basic infrastructure services exist in the 
com m unity, for exam ple roads and electricity infrastructure. A  proxy for w ater and sanitation 
infrastructure provision can be constructed based on the household expenditure on such services. 
For other infrastructure a proxy indicator can also be constructed based on the paid or predicted 
household rent. Table 15 shows the average proxy am ounts for infrastructure and w ater and 
sanitation provision split across the households that do or do not have access to adequate w ater 
and sanitation.
T a b l e  1 5
A V E R A G E  I N F R A S T R U C T U R E  A N D  W A T E R  A N D  S A N I T A T O N  S E R V I C E  P R O V I S I O N  
B Y  A D E Q U A T E  A C C E S S  T O  W A T E R  A N D  S A N I T A T I O N ,  1 9 9 8  a n d  2 0 0 1 a /
( C ó r d o b a s  p e r  m o n t h )
V a r i a b l e
P r o v i s i o n  o f  w a t e r  a n d  
s a n i t a t i o n  in f r a s t r u c t u r e  
e x p e n d i t u r e
O t h e r  in f r a s t r u c t u r e  
e x p e n d i t u r e
1 9 9 8 2 0 0 1 1 9 9 8 2 0 0 1
P o p u l a t i o n  w i t h o u t  s u s t a i n a b l e  
a c c e s s  t o  a n  i m p r o v e d  w a t e r  s o u r c e 2 3 . 4 9 5 3 . 2 6 2 2 4 . 4 6 2 8 1 . 1 0
P o p u l a t i o n  w i t h  s u s t a i n a b l e  a c c e s s  t o  
a n  i m p r o v e d  w a t e r  s o u r c e 4 5 . 4 8 7 4 . 4 9 3 0 1 . 8 9 3 9 3 . 2 5
P o p u l a t i o n  w i t h o u t  s u s t a i n a b l e  a c c e s s  
t o  i m p r o v e d  s a n i t a t i o n 3 0 . 8 5 5 8 . 8 2 2 4 8 . 8 6 3 1 4 . 5 3
P o p u l a t i o n  w i t h  a c c e s s  t o  i m p r o v e d  
s a n i t a t i o n 5 5 . 9 5 8 3 . 5 5 3 4 1 . 1 6 4 3 6 . 6 8
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  f o r  1 9 9 8  a n d  2 0 0 1  d a t a  f r o m  L S M S  s u r v e y s .  
a /  A p p e n d i x  I  c o n t a i n s  d e f i n i t i o n s  o f  t h e  M D G  i n d i c a t o r s  f o r  w a t e r  a n d  s a n i t a t i o n .  A p p e n d i x  I I  
c o n t a i n s  d e t a i l s  o f  t h e  c o n s t r u c t i o n  o f  t h e  M D G  i n d i c a t o r  v a r i a b l e s  f r o m  t h e  L S M S  1 9 9 8  a n d  
L S M S  2 0 0 1  s u r v e y  d a t a .
B etw een 1998 and 2001 the values for infrastructure and w ater and sanitation service 
infrastructure have increased. In addition, expenditure is greater for those w ith access to 
im proved w ater and sanitation than for those w ithout access to  these services. H ousehold 
consum ption per capita is assum ed to  be positively related to  the provision o f  w ater and 
sanitation access. H ouseholds w ith higher consum ption levels are expected to  be m ore likely to 
have adequate access to  im proved w ater sources as shown in table 16.
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A V E R A G E  I N F R A S T R U C T U R E  A N D  W A T E R  A N D  S A N I T A T O N  S E R V I C E  P R O V I S I O N  
B Y  A D E Q U A T E  A C C E S S  T O  W A T E R  A N D  S A N I T A T I O N ,  1 9 9 8  a n d  2 0 0 1  a /
Table 16
( C ó r d o b a s  p e r  m o n t h )
V a r i a b l e
A v e r a g e  h o u s e h o l d  p e r  c a p i t a  c o n s u m p t i o n
1 9 9 8 2 0 0 1
P o p u l a t i o n  w i t h o u t  s u s t a i n a b l e  a c c e s s  t o  a n  i m p r o v e d  w a t e r  
s o u r c e 3  4 5 6 . 6 5
4  0 4 6 . 4 9
P o p u l a t i o n  w i t h  s u s t a i n a b l e  a c c e s s  t o  a n  i m p r o v e d  w a t e r  
s o u r c e 6  1 7 8 . 7 2
7  6 3 1 . 2 4
P o p u l a t i o n  w i t h o u t  s u s t a i n a b l e  a c c e s s  t o  i m p r o v e d  
s a n i t a t i o n 4  9 4 0 . 2 6
6  0 7 9 . 8 9
P o p u l a t i o n  w i t h  a c c e s s  t o  i m p r o v e d  s a n i t a t i o n 5  9 1 2 . 3 5 7  3 1 5 . 8 1
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  f o r  1 9 9 8  a n d  2 0 0 1  d a t a  f r o m  L S M S  s u r v e y s .
a /  A p p e n d i x  I  c o n t a i n s  d e f i n i t i o n s  o f  t h e  M D G  i n d i c a t o r s  f o r  w a t e r  a n d  s a n i t a t i o n .  A p p e n d i x  I I  c o n t a i n s  d e t a i l s  o f  
t h e  c o n s t r u c t i o n  o f  t h e  M D G  i n d i c a t o r  v a r i a b l e s  f r o m  t h e  L S M S  1 9 9 8  a n d  L S M S  2 0 0 1  s u r v e y  d a t a .
It is difficult to  construct m any additional explanatory variables for adequate access to 
w ater and sanitation. W hilst the provision o f  w ater and sanitation infrastructure is associated w ith 
other m easures o f  social developm ent such as health, education and occupational group, it is 
m ore likely that these o ther factors are instead dependent upon access to  adequate w ater and 
sanitation. In a partial equilibrium  fram ew ork they cannot be considered causes o f  access to  w ater 
and sanitation services. Such causation w ould instead function as a result o f  feedback effects 
through the econom y. These effects are best m odelled w ithin a general equilibrium  fram ew ork 
and are beyond the scope o f  this paper.
The selection o f  an appropriate partial equilibrium  reduced form  m odel should be based 
upon the fit o f  the m odel to  the available data and the robustness w ith w hich the m odel is 
resistant to  change. The m ost appropriate m odel w ill also contain values that are reasonable and 
consistent w ith a priori assum ptions. G iven the ability o f  the 2001 household data to  be m atched 
to the 1998 household data, a panel data set can be constructed, albeit w ith only tw o tim e periods.
1. A pooled logit model
A t the individual level, the dependent variables for any regression are the dum m y variables for 
access to  adequate w ater supply and access to  adequate sanitation. Therefore the m odels will 
require a logit or probit form ulation. The selection o f  the appropriate probabilistic m odel for use 
w ith the panel data is lim ited. The consideration o f  how  to account for the unobservable effects is 
an im portant one. A t first glance the fixed effects estim ation o f  the probit or logit m odel w ould  be 
conducted. B ut the fixed effects probit m odel leads to  inconsistent estim ation o f  the param eters 
due to  the incidental param eters problem  and w hilst the fixed effects logit estim ator avoids this 
problem  it cannot estim ate the partial effects on the probabilities w ithout explicitly estim ating
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and specifying a distribution for the unobserved effects (Wooldridge, 2002). Other alternative 
random effects probit and logit specifications also present difficulties. The access to water and 
the access to sanitation were instead modelled using a pooled logit model. The model is given as:
Pr(MDG} = 1 | x-t) = G(xitP) (IV 1)
where i is the individual household and t is the time period which is either 1998 or 2001. MDG is 
the MDG indicator of j  = 1 , the access to water or j  = 2 , the access to sanitation. The matrix of 
explanatory variables x i t  includes vector measures of household water and sanitation 
infrastructure provision, other infrastructure measured at the household level, and the per capita 
consumption of the household. The function G() is the standard logistic function. In addition the 
matrix x i t  contains a dummy variable if the household lives in a rural or urban area. A time period 
dummy variable was also added to capture dynamic level shifts in the panel. 10
The estimation results, corrected for heteroskedasticity, are shown below in table 17 
including the elasticities estimated at their mean values.
Per capita consumption and the provision of water and sanitation infrastructure are 
significantly and positively related to the likelihood of having adequate access to water. However 
the measure of other infrastructure for the household, although positive, was not significant11. 
Urban areas are also more likely to have access to water than their rural counterparts. In addition 
access to water has increased for households compared in 2001 compared to the same situation in 
1998. The explanatory power of the regression is low and, therefore, it is prudent to assume that 
some unobserved effect exists.
Given the high proportion of the population that already has access to adequate water 
supplies, it is reasonable to assume that the cost of supplying the remaining proportion of the 
population would increase as coverage increases. Indeed this is the inherent property of the logit 
model. In terms of the elasticities estimated, it is within reason to predict that the results will be 
positive but inelastic with respect to the explanatory variables and this is indeed what the results 
show in table 17. For a one percent increase in per capita consumption, access to adequate water 
supply is likely to increase by just 0.11 percent. Similarly a one percent increase in the provision 
of water and sanitation service infrastructure will only increase the likelihood of access to water 
by 0.03 percent. This elasticity signifies the insensitivity of changes in water and service 
infrastructure to changes in access to adequate water for several reasons. It is not reasonable to 
assume that a country like Nicaragua, in which over half the population already has access to 
adequate water supplies, will devote every increase in water and sanitation spending to improving 
access to new communities and households. Fluctuations in the budgeting arrangements for this 
infrastructure could be due to changes in government and political priorities towards certain 
areas, changes in the need to invest in infrastructure maintenance and changes in the behaviour of 
private water and sanitation or foreign aid infrastructure providers.
10 Whilst it would have been desirable to add lagged dependent and independent variables in order to 
capture total dynamic independence, the restriction of the panel with only two time periods did not permit it. In 
addition the panel was unable to be differenced due to the dummy variable nature of the dependent variable and 
the scarcity of surveyed changes in status between the two periods.
11 S e e  a p p e n d i x  3  f o r  d e t a i l s  o f  t h e  d e f i n i t i o n  o f  t h i s  v a r i a b l e .
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E S T I M A T E S  O F  P O O L E D  L O G I T  M O D E L  E L A S T I C I T I E S  F O R  A C C E S S  T O  A D E Q U A T E  W A T E R  
A N D  S A N I T A T I O N  I N  N I C A R A G U A ,  1 9 9 8  A N D  2 0 0 1  a /
Table 17
( V a r i o u s  u n i t s )
C o e f f i c i e n t S i g n i f i c a n c e E l a s t i c i t y
A c c e s s  t o  a d e q u a t e  w a t e r
P e r  c a p i t a  c o n s u m p t i o n 0 . 0 0 0 1 2 8 2 0 . 0 0 0 0 . 1 1 2
W a t e r  a n d  s a n i t a t i o n  in f r a s t r u c t u r e 0 . 0 0 4 7 2 6 7 0 . 0 0 0 0 . 0 3 6
O t h e r  in f r a s t r u c t u r e 0 . 0 0 0 0 5 5 8 0 . 5 3 8 0 . 0 0 2
R e g i o n  ( u r b a n  =  1 /r u r a l  =  0 ) 1 . 4 7 9 8 1 7 0 . 0 0 0 0 . 1 0 9
D u m m y  v a r i a b l e  ( y e a r  1 9 9 8  =  1 ) - 0 . 0 5 4 4 6 2 5 0 . 0 6 4 - 0 . 0 0 3
C o n s t a n t - 0 . 0 0 7 8 2 7 4 0 . 0 0 0
P r e d i c t e d  V a l u e 0 . 8 6 0
P s u e d o  R 2 0 . 1 5
N u m b e r  o f  o b s e r v a t i o n s 3 9  9 4 2
A c c e s s  t o  a d e q u a t e  s a n i t a t i o n
P e r  c a p i t a  c o n s u m p t i o n 0 . 0 0 0 0 7 5 6 0 . 0 0 0 0 . 2 6 5
W a t e r  a n d  S a n i t a t i o n  in f r a s t r u c t u r e 0 . 0 0 5 2 4 1 5 0 . 0 0 0 0 . 1 6 0
O t h e r  in f r a s t r u c t u r e 0 . 0 0 0 4 5 6 1 0 . 0 0 0 0 0 . 0 8 4
R e g i o n  ( u r b a n / r u r a l ) 0 . 7 0 5 5 0 4 5 0 . 0 0 0 0 . 2 1 0
D u m m y  v a r i a b l e  ( y e a r  1 9 9 8  =  1 ) 0 . 0 8 6 8 5 4 4 0 . 0 0 0 0 . 0 2 2
C o n s t a n t - 1 . 5 7 3 1 2 4 0 . 0 0 0
P r e d i c t e d  v a l u e 0 . 4 3 4
P s u e d o  R 2 0 . 1 1
N u m b e r  o f  o b s e r v a t i o n s 3 9  9 4 2
S o u r c e :  A u t h o r ’s  c a l c u l a t i o n s  f r o m  p o o l e d  l o g i t  e s t i m a t i o n s  u s i n g  d a t a  f o r  1 9 9 8  a n d  2 0 0 1  f r o m  L S M S  s u r v e y s .  
a /  A p p e n d i x  I  c o n t a i n s  d e f i n i t i o n s  o f  t h e  M D G  i n d i c a t o r s  f o r  w a t e r  a n d  s a n i t a t i o n .  A p p e n d i x  I I  c o n t a i n s  
d e t a i l s  o f  t h e  c o n s t r u c t i o n  o f  t h e  M D G  i n d i c a t o r  v a r i a b l e s  f r o m  t h e  L S M S  1 9 9 8  a n d  L S M S  2 0 0 1  
s u r v e y  d a t a .
In term s o f  the access o f  households to  adequate sanitation, the explanatory pow er was 
also low. A gain the unobserved effects that could not be m easured w ith the available data m ay be 
a cause o f  this. The determ inants w ere all statistically significant and all had a positive effect on 
the likelihood to  access to  sanitation. Elasticities w ere generally h igher than those for the access 
to  water. This m ay be due to  the fact that w ith less than h a lf  the population o f  N icaragua in 1998 
and 2001 having access to  adequate sanitation, the effects o f  each increase in the explanatory 
variables w ould have larger beneficial effects on sanitation than upon w ater w here only a 
m inority fails to  have access to adequate supplies. A ccess to  sanitation is 0.27 percent m ore 
likely for each percent increase in consum ption com pared w ith only 0.16 percent for w ater and 
sanitation infrastructure and 0.08 percent for other infrastructure. In term s o f  the cost-effective 
m eans o f  providing increased sanitation, w hilst a one percent increase in consum ption is the best 
alternative am ong the three, the level o f  the consum ption com pared to  level o f  infrastructure for
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the other two determinants could mean this may be the more expensive outcome if the levels in 
córdobas are very different.
2. A proportions model
As in the previous sections on education and health, it is possible to directly estimate proportions 
models of water and sanitation with observations of the dependent and independent variables at 
the municipal level. Once again the additional data from 1998 is included to provide additional 
observations for the model. The equation of the model is given as:
E (MDGj | x „  ) = G (x „ p) (IV 2)
where m is the population weighted average for the municipality and t is the time period which is 
either 1998 or 2001. MDG is the MDG indicator of j  = 1 , the access to water or j  = 2 , the 
access to sanitation. The matrix of determinants xmt includes municipal averages of household 
water and sanitation infrastructure provision, other infrastructure measured at the household 
level, and the per capita consumption of the household. The function G() is not the standard 
logistic function in this case but a linear model. In addition the matrix xmt contains the proportion 
of households in the municipality living in a rural or urban area. A time period dummy variable 
was also added to capture dynamic level shifts in the panel. The choice of panel data method is a 
modification of the standard pooled OLS with adjustments made to the model given the 
dependent variable is a proportion.
Once again the estimation method is a logit quasi-maximum likelihood methodology 
taken from the theoretical framework of Papke and Wooldridge (1996). This framework avoids 
the estimation of a standard linear model for data that is obviously censored. In addition, it 
estimates a model more appropriate to the properties of the proportions data rather than the 
conventional ad hoc method of converting the dependent variable to a log-odds ratio to estimate 
in terms of a probability model. The estimation is adjusted for heteroskedasticity and clustering 
and the results are presented in table 18.
The level of per capita consumption is positively and significantly related to the 
proportion of the municipality that has access to adequate water supply. The elasticity though is 
quite low at 0.163. The provision of water and sanitation infrastructure is significant only at the 
ten percent level but the effect is very low with each extra percent increase in infrastructure of 
water and sanitation associated with only a 0.06 percent increase in access. The provision of other 
infrastructure is significant but again only at the ten percent level. However other infrastructure is 
negatively related to the proportion with access to water. Whilst a positive relationship would be 
expected a priori, the negative relationship is probably a factor of the fact that the positive effects 
may have been extracted from other correlated factors such as the per capita consumption and the 
water and sanitation infrastructure. It is possible that the other infrastructure variable is simply 
measuring residual municipal specific effects in this case. As expected, municipalities with a 
greater proportion of urban populations have greater access to water and the negative sign on the 
year dummy variable indicates that the access has improved between 1998 and 2001.
35
E S T I M A T E S  O F  P O O L E D  P R O P O R T I O N S  M O D E L  A N D  E L A S T I C I T I E S  F O R  A C C E S S  
T O  A D E Q U A T E  W A T E R  A N D  S A N I T A T I O N  I N  N I C A R A G U A ,  1 9 9 8  A N D  2 0 0 1  a /
Table 18
( V a r i o u s  u n i t s )
C o e f f i c i e n t S i g n i f i c a n c e E l a s t i c i t y
A c c e s s  t o  a d e q u a t e  w a t e r
P e r  c a p i t a  c o n s u m p t i o n 0 . 0 0 0 1 8 2 3 0 . 0 1 6 0 . 1 6 3
W a t e r  a n d  s a n i t a t i o n  in f r a s t r u c t u r e 0 . 0 0 7 9 9 0 9 0 . 0 6 4 0 . 0 6 1
O t h e r  i n f r a s t r u c t u r e - 0 . 0 0 1 0 6 9 1 0 . 0 5 9 - 0 . 0 5 3
P r o p o r t i o n  i n  u r b a n  a r e a s 1 . 0 5 3 8 7 4 0 . 0 0 2 0 . 0 7 9
D u m m y  v a r i a b l e  ( y e a r  1 9 9 8  =  1 ) - 0 . 0 8 9 6 1 0 6 0 . 5 1 0 - 0 . 0 0 5
C o n s t a n t - 0 . 0 2 8 6 0 9 5 0 . 8 9 2
P r e d i c t e d  v a l u e 0 . 8 7 7
N u m b e r  o f  o b s e r v a t i o n s 1 9 8
A c c e s s  t o  a d e q u a t e  s a n i t a t i o n
P e r  c a p i t a  c o n s u m p t i o n 0 . 0 0 0 0 3 6 4 0 . 5 0 1 0 . 1 3 2
W a t e r  a n d  s a n i t a t i o n  in f r a s t r u c t u r e 0 . 0 0 5 4 5 4 1 0 . 0 9 9 0 . 1 7 1
O t h e r  i n f r a s t r u c t u r e 0 . 0 0 0 7 7 8 5 0 . 1 4 0 0 . 1 5 8
P r o p o r t i o n  i n  u r b a n  a r e a s 0 . 9 1 1 6 9 6 0 . 0 0 1 0 . 2 7 8
D u m m y  v a r i a b l e  ( Y e a r  1 9 9 8 = 1 ) 0 . 0 8 1 9 7 5 8 0 . 2 9 6 0 . 0 1 8
C o n s t a n t - 1 . 5 1 3 4 2 1 0 . 0 0 0
P r e d i c t e d  v a l u e 0 . 4 9 9 7 5 6 4 3
N u m b e r  o f  o b s e r v a t i o n s 1 9 8
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  u s i n g  p o o l e d  d a t a  f o r  1 9 9 8  a n d  2 0 0 1  f r o m  L S M S  s u r v e y s .  
a /  A p p e n d i x  I  c o n t a i n s  d e f i n i t i o n s  o f  t h e  M D G  i n d i c a t o r s  f o r  w a t e r  a n d  s a n i t a t i o n .  A p p e n d i x  I I  c o n t a i n s  
d e t a i l s  o f  t h e  c o n s t r u c t i o n  o f  t h e  M D G  i n d i c a t o r  v a r i a b l e s  f r o m  t h e  L S M S  1 9 9 8  a n d  L S M S  2 0 0 1  
s u r v e y  d a t a .
I n  g e n e ra l th e  p ro p o r t io n s  m o d e l f o r  access to  a d e q u a te  w a te r  is  a f a r  b e t te r  f i t  th a n  th e  
s a m e  in d e p e n d e n t  v a r ia b le s  in  th e  a t te m p t  t o  m o d e l access t o  a d e q u a te  s a n ita t io n .  F o r  th e  
s a n ita t io n  e s t im a t io n ,  th e  p e r  c a p ita  c o n s u m p t io n  a n d  o th e r  in f r a s t r u c tu r e  m e a s u re s  h a d  n o  e f fe c t  
o n  th e  p r o p o r t io n  o f  th e  m u n ic ip a l i t y  w i t h  a d e q u a te  s a n ita t io n .  T h e  w a te r  a n d  s a n ita t io n  
in f r a s t r u c tu r e  h a d  a s ig n if ic a n t  e f fe c t  a t th e  te n  p e rc e n t le v e l a n d  i t  is  in te r e s t in g  th a t  th e  
m e a s u re d  e la s t ic i t y ,  a lth o u g h  s t i l l  h ig h ly  in e la s t ic ,  is  th re e  t im e s  th e  v a lu e  o f  th e  s a m e  e la s t ic i t y  
f o r  access to  w a te r .  T h is  c o u ld  b e  a p ro p e r ty  o f  th e  fa c t  th a t  in f r a s t r u c tu r e  p r o v is io n  f o r  w a te r  a n d  
s a n ita t io n  is  l i k e l y  t o  h a v e  a  la r g e r  im p a c t  o n  th e  p r o p o r t io n  o f  h o u s e h o ld s  w i t h  access to  
s a n ita t io n  w h ic h  is  s t i l l  le s s  th a n  h a l f  th e  p o p u la t io n ,  w h i l s t  th e  m a jo r i t y  o f  th e  p o p u la t io n  h a v e  
a ccess t o  a d e q u a te  w a te r  s u p p ly .  O n c e  a g a in  m u n ic ip a l i t ie s  w i t h  h ig h e r  p ro p o r t io n s  o f  u rb a n  
p o p u la t io n s  h a v e  m o r e  ac c ess t o  s a n ita t io n .
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C. C O M M E N T S
T h e  t w o  d i f f e r e n t  m e th o d o lo g ie s  e m p lo y e d  g iv e  s im i la r  re s u lts  f o r  th e  w a te r  a n d  s a n ita t io n  
M D G s  a c c o rd in g  to  th e  e s t im a te d  e q u a tio n s . F o r  th e  access to  w a te r ,  th e  e f fe c ts  o f  p e r  c a p ita  
c o n s u m p t io n  a re  v e r y  s im i la r  b e tw e e n  th e  in d iv id u a l  p a n e l lo g i t  a n d  th e  p r o p o r t io n s  m o d e l.  B o th  
m e th o d s  g iv e  in e la s t ic  m e a s u re s  o f  b e tw e e n  0 .1 1 2  a n d  0 .1 6 3  p e rc e n t in c re a s e s  in  th e  p o p u la t io n  
w i t h  access to  a d e q u a te  w a te r  s u p p ly  f o r  e a c h  p e rc e n t in c re a s e  in  h o u s e h o ld  p e r  c a p ita  
c o n s u m p t io n .  T h e  w a te r  a n d  s a n ita t io n  in f r a s t r u c tu r e  e f fe c t  is  a ls o  s im i la r  b e tw e e n  0 .0 3 6  a n d
0 .0 6 1 . T h e  o th e r  in f r a s t r u c tu r e  v a r ia b le  is  u n u s u a l b e c a u s e  o f  th e  d i f fe re n c e  in  th e  s ig n  b e tw e e n  
th e  t w o  m e th o d s  in  th e  m e a s u re  o f  i t s  r e la t io n s h ip  w i t h  th e  ac cess to  w a te r .  W h i l s t  th e  lo g i t  
m e th o d  g a v e  a p o s i t iv e  s ig n , th e  p r o p o r t io n a l m e th o d  e s t im a te s  a  n e g a t iv e  r e la t io n s h ip  to  o th e r  
in f r a s t r u c tu re .  R e g io n a l e f fe c ts  a re  p o s i t iv e  a n d  th e  d u m m y  e f fe c ts  a re  n e g a t iv e  in  b o th  
e s t im a t io n  m e th o d s . I n  te rm s  o f  th e  s a n ita t io n  e s t im a t io n s ,  a g a in  th e  re s u lts  a re  v e r y  s im i la r  
b e tw e e n  th e  t w o  m e th o d s , d e s p ite  th e  fa c t  th a t  th e  e la s t ic it ie s  f o r  th e  p ro p o r t io n s  m o d e l a re  
g e n e r a l ly  in s ig n i f ic a n t  e x c e p t f o r  w a te r  a n d  s a n ita t io n  in f r a s t r u c tu r e  a n d  th e  r e g io n a l e f fe c ts .  T h e  
re s u lts  h a v e  th e  s a m e  s ig n  a n d  r o u g h ly  th e  s a m e  m a g n itu d e  o f  e f fe c ts .
O v e r a l l ,  d e s p ite  th e  d if fe re n c e s  in  th e  m e th o d o lo g ie s ,  th e  e s t im a te s  f o r  access t o  a d e q u a te  
w a te r  a n d  access t o  a d e q u a te  s a n ita t io n  w e re  q u ite  s im i la r .  G e n e r a l ly  th e y  a re  p o s i t iv e ly  re la te d , 
b u t  q u ite  s m a ll in  m a g n itu d e .  B e tw e e n  th e  w a te r  a n d  s a n ita t io n  e s t im a t io n s ,  th e  e f fe c ts  o n  
s a n ita t io n  access te n d  to  b e  g re a te r  b u t,  as e x p la in e d  e a r l ie r ,  t h is  is  m o s t  l i k e l y  d u e  to  th e  fa c t  th a t  
in  N ic a ra g u a  o v e r  h a l f  th e  p o p u la t io n  w i l l  b e  a f fe c te d  b y  in c re a s e d  access w h i l s t  th e  m a jo r i t y  o f  
th e  p o p u la t io n  a lr e a d y  h a v e  access t o  a d e q u a te  w a te r  so  in c re a s e s  in  d e te rm in a n ts  h e re  w i l l  a f fe c t  
a s m a lle r  p r o p o r t io n  o f  th e  p o p u la t io n .  T h e  s im i la r  m a g n itu d e  o f  th e  c o e f f ic ie n ts  in  m a n y  cases 
in d ic a te s  th a t  th e  e s t im a te d  r e la t io n s h ip s  f o r  ac cess to  w a te r  a n d  s a n ita t io n  te n d  t o  b e  ro b u s t  to  
th e  m e th o d o lo g y  e m p lo y e d .  H o w e v e r  th e  s ig n if ic a n c e  o f  th e  v a r ia b le s  is  s e n s it iv e  t o  th e  
m e th o d o lo g y  e m p lo y e d .  G iv e n  th e  la c k  o f  s im i la r  s tu d ie s  f o r  th e  fa c to rs  re la te d  to  a d e q u a te  
a ccess to  w a te r  a n d  s a n ita t io n ,  i t  is  im p o s s ib le  t o  c o m p a re  th e s e  r e s u lts  to  o th e r  s tu d ie s  d o n e  f o r  
N ic a ra g u a  o r  f o r  o th e r  c o u n tr ie s .
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IV . C O N C L U S IO N
This paper presents an analysis of factors related to selected MDG indicators in education, health, 
water and sanitation for Nicaragua concentrating on individual and household characteristics as 
well as local municipal factors.
This study makes a contribution to the study of the MDGs in Nicaragua by using an 
empirical methodology that permits a comparison of two econometric techniques, the individual 
logit model and the proportions model. Each method was applied to Nicaraguan survey data and 
the efficacy of the each model was assessed across the three different MDGs related to education, 
child mortality and water and sanitation. In addition the models compare a range of individual, 
household and municipal factors not found in other similar empirical studies for Nicaragua. In 
fact this study is one of the first empirical estimations of factors that are related to water and 
sanitation provision in Nicaragua.
The first analysis for the estimation of factors related to the decision to enrol in education 
at different education levels showed that the factors that influence education enrolment across 
most education levels include household factors such as the size of the household and the years of 
study of the head of the household. Regional and sex differences were also related to the 
probability of enrolment at various levels of education. However the largest relationships to 
enrolment were the positive estimates of increased consumption per capita and increases in the 
wage premium.
In addition the size of the estimates tended to increase at higher education levels. Whilst 
various studies from different countries have emphasized the importance of the costs of 
education, the results of this study show that in none of the education estimations was the cost of 
education significantly related to the probability of enrolment. Given that other studies omitted 
consideration of the wage premium and the per capita consumption measures in their estimations, 
it is possible that the importance of education costs has been overestimated. One caveat in this 
case is that the limitation of the analysis to enrolment in education, although incorporating supply 
side factors for education, may still fail to adequately capture indicators of the quality of 
education, particularly in poorer and more rural areas.
For Nicaragua the results show that policies of conditional cash transfer programmes such 
as the Social Protection Network (Red de Protección Social) can have a positive impact on 
enrolment and education levels by targeting the household consumption that is positively 
associated with enrolment, particularly at the primary and secondary levels. At the same time, 
research has stressed the effectiveness of education cost reduction policies such as the school 
lunch program (Bolsa Escolar) that are linked to nutrition and overcoming barriers to school 
attendance (World Bank, 2001) and the results of this study are in line with this conclusion for 
education enrolment at the primary level. Whilst the lack of available data meant that it was not 
possible to examine the quality of education supply factors, other studies emphasize their strong 
influence on education and the possibility of making strong progress in advancing MDG 2 by
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combination of policies and funding targeted towards these supply factors and complementing 
the demand side policies (World Bank, 2008).
In terms of MDG 4, there was some evidence of underreporting in the child mortality 
rates used for the empirical exercise. Child mortality is lower when per capita consumption 
increases. Increases in consumption are important because they allow for purchases of medical 
attention and adequate health care. Male children are more likely to die than female children and 
rural areas have higher mortality rates than urban areas. However the empirical application was 
hampered by poor data and missing variable factors from the household survey. In addition the 
model is a simplified statistical model that gives an indication of the association between child 
mortality and the household and municipal factors but cannot fully identify the complex 
interrelationships between the economic and social conditions and child deaths. With respect to 
Water and Sanitation, this MDG is also significantly positively influenced by increases in 
consumption per capita. And there are significant inequalities in access to both water and 
sanitation in terms of the population in rural areas. In addition infrastructure levels have a close 
relationship with water and sanitation levels.
The estimations are by nature set within a partial equilibrium framework that does not 
include feedback effects from the economy and the changes in the MDGs that would cause 
changes in the independent variables used in the equations. In this sense the elasticities that were 
estimated can be considered impact elasticities and measures of the first round effects of the 
variables upon each of the probabilities of enrolment, mortality and access to water and 
sanitation. Overall, in terms of the model specifications, the proportions model, though perhaps 
closer to the MDG definition, was the poorer method, producing fewer significant factors. The 
loss of information when dealing with simple municipal local area aggregates far outweighed the 
benefits of a methodology that more precisely reflects the MDG definitions. In this case the logit 
model was the more adaptable and robust, able to employ individual, household and local level 
data together. In terms of applying the alternatives in empirical exercises in other countries, if 
data is derived from household level surveys, the lesson of this experience would be to retain the 
logit method.
Across all of the MDGs the ability of households to achieve gains in per capita 
consumption levels is perhaps one of the strongest relationships with improved outcomes in each 
of these development goals. The effect of the individual supply factors for education, health and 
water and sanitation were limited. Although this may be due to some difficulties of measurement 
in terms of the supply variables, it also acknowledges that the major barriers and opportunities to 
achieving the MDGs are based upon the ability of the government to adapt public policy that 
accounts for existing household characteristics and provides the right incentives for the right 
target groups. Supply side policies for public social spending and service provision that focus on 
socially vulnerable populations, such as the emergency social investment fund (FISE), are factors 
that were not able to be analyzed in this study but are essential complements to the household and 
municipal characteristics that are related to the demand for education, health, water and 
sanitation. Improving the mix of demand side and supply side policies and programmes for social 
development will give Nicaragua its best chance of achieving or getting as close as possible to 
achieving the MDGs in education, health, water and sanitation by 2015.
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A n n ex  I
DETAILS OF M ILLENNIUM DEVELOPM ENT GOALS, TARGETS
AND INDICATORS
GOAL 2: Achieve universal prim ary education
T a rg e t  2 A : E n s u re  th a t ,  b y  2 0 1 5 ,  c h i ld re n  e v e ry w h e re ,  b o y s  a n d  g i r ls  a l ik e ,  w i l l  b e  a b le  to
c o m p le te  a  f u l l  c o u rs e  o f  p r im a r y  s c h o o lin g  
In d ic a to r s : N e t  e n r o lm e n t  r a t io  in  p r im a r y  e d u c a t io n .
P r o p o r t io n  o f  p u p ils  w h o  s ta r t  g ra d e  1 a n d  re a c h  la s t  g ra d e  o f  p r im a r y .
L i t e r a c y  ra te  o f  1 5 -2 4  y e a r -o ld s .
D e f in i t i o n s
E d u c a t io n  le v e l : F o r  in te r n a t io n a l c o m p a r is o n ,  d a ta  f r o m  th e  p o p u la t io n  c e n s u s  a re  n e e d e d
f o r  th re e  le v e ls  o f  e d u c a t io n :  p r im a r y ,  s e c o n d a ry , a n d  p o s t-s e c o n d a ry .  (3 3 ,  p a ra . 2 .1 5 6 )  
P ro g ra m m e s  a t le v e l 1 a re  d e s ig n e d  o n  a u n i t  o r  p ro je c t  b a s is  t o  g iv e  s tu d e n ts  a s o u n d  b a s ic  
e d u c a t io n  in  re a d in g , w r i t i n g  a n d  m a th e m a t ic s  a lo n g  w i t h  a n  e le m e n ta r y  u n d e rs ta n d in g  o f  o th e r  
s u b je c ts  su c h  as h is to r y ,  g e o g ra p h y , n a tu r a l s c ie n c e , s o c ia l s c ie n c e , a r t  a n d  m u s ic .  I n  s o m e  cases 
r e l ig io n  i f  fe a tu re d . T h e  c o re  a t th is  le v e l c o n s is ts  o f  e d u c a t io n  p ro v id e d  f o r  c h ild re n ,  th e  
c u s to m a ry  o r  le g a l ag e  o f  e n tra n c e  b e in g  n o t  y o u n g e r  th a n  f i v e  y e a rs  o r  o ld e r  th a n  s e v e n  y e a rs . 
T h is  le v e l c o v e rs  in  p r in c ip le  s ix  y e a rs  o f  f u l l - t im e  s c h o o lin g .  T h e  c o n te n ts  o f  e d u c a t io n  a t le v e l 2  
a re  t y p ic a l ly  d e s ig n e d  to  c o m p le te  th e  p r o v is io n  o f  b a s ic  e d u c a t io n  w h ic h  b e g a n  a t I S C E D  le v e l
1. I n  m a n y ,  i f  n o t  m o s t  c o u n tr ie s ,  th e  e d u c a t io n a l a im  is  t o  la y  th e  f o u n d a t io n  f o r  l i f e lo n g  le a r n in g  
a n d  h u m a n  d e v e lo p m e n t  o n  w h ic h  c o u n t r ie s  m a y  e x p a n d , s y s te m a t ic a l ly ,  f u r t h e r  e d u c a t io n a l 
o p p o r tu n it ie s .  th e  p ro g ra m m e s  a t th is  le v e l a re  u s u a l ly  o n  a  m o r e  s u b je c t -o r ie n te d  p a t te rn  u s in g  
m o r e  s p e c ia l iz e d  te a c h e rs  a n d  m o r e  o f te n  s e v e ra l te a c h e rs  c o n d u c t in g  c la ss e s  in  t h e i r  f ie ld  o f  
s p e c ia l iz a t io n .  T h e  f u l l  im p le m e n ta t io n  o f  b a s ic  s k i l ls  o c c u rs  a t th is  le v e l.  T h e  e n d  o f  t h is  le v e l 
o f te n  c o in c id e s  w i t h  th e  e n d  o f  c o m p u ls o r y  e d u c a t io n  w h e r e  i t  e x is ts .  L e v e l  3 o f  e d u c a t io n  
t y p ic a l ly  b e g in s  a t th e  e n d  o f  f u l l - t im e  c o m p u ls o r y  e d u c a t io n  f o r  th o s e  c o u n t r ie s  th a t  h a v e  a 
s y s te m  o f  c o m p u ls o r y  e d u c a t io n .  M o r e  s p e c ia l iz a t io n  m a y  b e  o b s e rv e d  a t t h is  le v e l th a t  a t I S C E D  
le v e l 2  a n d  o f te n  te a c h e rs  n e e d  to  b e  m o r e  q u a l i f ie d  o r  s p e c ia l iz e d  th a n  f o r  I S C E D  le v e l  2 . T h e  
e n tra n c e  ag e  to  th is  le v e l is  t y p ic a l ly  15 o r  16  y e a rs . T h e  e d u c a t io n a l p ro g ra m m e s  in c lu d e d  a t t h is  
le v e l t y p ic a l ly  r e q u ir e  th e  c o m p le t io n  o f  s o m e  9  y e a rs  o f  f u l l - t im e  e d u c a t io n  (s in c e  th e  b e g in n in g  
o f  le v e l 1)  f o r  a d m is s io n  o r  a  c o m b in a t io n  o f  e d u c a t io n  a n d  v o c a t io n a l o r  te c h n ic a l e x p e r ie n c e  
a n d  w i t h  as m in im u m  e n tra n c e  re q u ir e m e n ts  th e  c o m p le t io n  o f  le v e l 2 o r  d e m o n s tra b le  a b i l i t y  t o  
h a n d le  p ro g ra m m e s  a t  th is  le v e l .  ( 6 0 . )
E d u c a t io n  e n r o lm e n t : P e rs o n s  e n r o l le d  a n d /o r  re g is te re d  in  a  p ro g ra m m e  o f  e d u c a t io n .
E d u c a t io n ,  p e rc e n ta g e  s ta r t in g  g ra d e  1 a n d  f in is h in g  g ra d e  5 : S u r v iv a l  ra te s  m a y  a t t im e s
e x c e e d  1 0 0  d u e  to  f lu c tu a t io n s  in  e n ro lm e n t .  W h e r e  su c h  re s u lts  a re  p u b lis h e d  th e y  s h o u ld  b e  
in te rp re te d  as th e  c o u n t r y  h a v in g  a  s u r v iv a l  ra te  a p p ro a c h in g  1 0 0 % . C h i ld r e n  s ta r t in g  p r im a r y  
s c h o o l w h o  e v e n tu a l ly  a t ta in  g ra d e  5 a n d  f in a l  g ra d e . T h e  e s t im a te  is  b a se d  o n  th e  R e c o n s tru c te d  
C o h o r t  M e th o d ,  w h ic h  u s e s  d a ta  o n  e n r o lm e n t  a n d  re p e a te rs  f o r  t w o  c o n s e c u t iv e  y e a rs . R e p e a te rs  
a re  p u p ils  w h o  a re  e n r o l le d  in  th e  s a m e  g ra d e  as th e  p re v io u s  y e a r .
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Prim ary com pletion ra te : The proxy indicator for the prim ary com pletion rate is the gross
intake rate at the last grade o f  prim ary. It is calculated as the total num ber o f  new  entrants in the
last grade o f  prim ary education, regardless o f  age, expressed as a percentage o f  the population o f
the theoretical entrance age to  the last grade.
L iteracy/illiteracy: A  person is literate w ho can w ith understanding both read and w rite a short
sim ple statem ent on his everyday life. A  person is illiterate w ho cannot w ith understanding both 
read and w rite a short sim ple statem ent on his everyday life.
GOAL 4: Reduce infant m ortality
Target 4 A : R educe by tw o-thirds, betw een 1990 and 2015, the m ortality o f  children under 5
years o f  age.
Indicators: U nder 5 m ortality rate
Infant m ortality rate
Proportion o f  1 year old children im m unized against m easles 
D efin itions:
M ortality  R a te : excludes foetal death. Only after live birth.
Im m unization :is the injection o f  serum  etc to  render person im m une from  infections.
M easles: is a highly contagious acute disease o f  childhood, characterized by a spreading
skin rash, fever, cough, coryza, conjunctivitis, eruption o f  the buccal m ucosa (K oplik 's spots) and 
prostration. O vercrow ding and disaster conditions are conducive to  outbreaks, w ith high 
m ortality, especially am ong the m alnourished.
GOAL 7: Ensure environmental sustainability
Target 7 C : H alve by 2015 the proportion o f  people w ithout access to  safe drinking w ater and
sanitation.
Target 7 D : B y 2020, to  have achieved a significant im provem ent in the lives o f  at least 100
m illion slum dwellers.
Indicators: P roportion o f  people w ith sustainable access to  an im proved w ater source, urban
and rural (UNICEF, W H O )
Proportion o f  population w ith access to  im proved sanitation, urban and rural (UNICEF, W H O ) 
Proportion o f  households w ith access to  secure tenure (U N -H A BITA T)
D efin itions:
W ater, access to  im proved drinking supply: "Im proved" w ater supply technologies are: 
household connection, public standpipe, borehole, protected dug well, protected spring, rainw ater 
collection. "Not im proved" are: unprotected well, unprotected spring, vendor-provided water, 
bottled w ater (based on concerns about the quantity o f  supplied w ater, not concerns over the 
w ater quality), tanker truck-provided water. It is assum ed that i f  the user has access to  an 
"im proved source" then such source w ould be likely to  provide 20 litres per capita per day at a 
distance no longer than 1000 m etres. This hypothesis is being tested  through N ational H ealth  
Surveys w hich are being conducted by W H O  in 70 countries. (C om m unication o f  25 M arch 2003 
from  the W H O  W ater, Sanitation and H ealth  Program m e).
Sanitation: "Im proved" sanitation technologies are: connection to a public sewer, connection
to septic system, pour-flush latrine, sim ple pit latrine, ventilated im proved pit latrine. The excreta 
disposal system  is considered adequate i f  it is private or shared (but not public) and if  
hygienically separates hum an excreta from  hum an contact. "Not im proved" are: service or bucket 
latrines (where excreta are m anually rem oved), public latrines, latrines w ith an open pit.
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S lu m  p o p u la t io n : R e s e a rc h  o n  e s t im a t in g  th e  n u m b e r  o f  s lu m  d w e lle r s  s ta r te d  w i t h  an
a t te m p t  t o  m e a s u re  th e  p h e n o m e n o n  "s e c u re  te n u r e " .  S e c u re  te n u re  is  th e  c o n c e p t o f  "p r o te c t io n  
f r o m  in v o lu n t a r y  r e m o v a l f r o m  la n d  o r  re s id e n c e  e x c e p t th r o u g h  d u e  le g a l p ro c e s s ".  T h e  la c k  o f  
d a ta  b a se d  o n  a s p e c if ic  a n d  o p e ra t io n a l d e f in i t io n  m a d e  d ire c t  e s t im a t io n  im p o s s ib le .  I n i t i a l  
e f f o r t s  a t te m p te d  u n s u c c e s s fu l ly  t o  u s e  te n u re  s ta tu s  d a ta  ( o w n e r ,  r e n te r  a n d  s q u a tte r )  as a p r o x y  
m e a s u re . U N - H A B I T A T  th e n  p ro p o s e d  th a t  th e  a t t r ib u te  o f  s e c u re  te n u re  w o u ld  b e  d e m o n s tra te d  
in  h o u s e h o ld  b e h a v io u r .  H o u s e h o ld s  w i t h  s e c u re  te n u re  w o u ld  te n d  to  h a v e  m o r e  im p ro v e m e n ts  
th a n  h o u s e h o ld s  w i t h o u t  s e c u re  te n u re  a n d  th a t  t h is  c o u ld  b e  m e a s u re d  b y  a p r o x y  in d e x  th a t  
in c lu d e d  d w e l l in g  s t ru c tu re  a n d  a m e n it ie s  d a ta . T h is  w a s  se en  as a  s u b s e t o f  th e  U N - H A B I T A T  
s lu m  in d e x  in i t ia t iv e  th a t  w a s  a lr e a d y  u n d e rw a y .  T h e  r e s u l t in g  s e c u re  te n u r e  in d e x  p ro v id e s  a f a i r  
a s s e s s m e n t o f  th e  m a g n itu d e  o f  s lu m  d w e ll in g s .  T h e  c h a ra c te r is t ic  v a r ia b le s  in c lu d e :  th e  
p r o p o r t io n  o f  h o u s e h o ld s  w i t h  access to  w a te r  ( w i t h i n  200 m e te rs ) ,  th e  p r o p o r t io n  o f  p e rm a n e n t  
s tru c tu re s  in  th e  h o u s in g  s to c k ,  th e  p r o p o r t io n  o f  h o u s in g  th a t  is  in  c o m p lia n c e  w i t h  lo c a l 
re g u la t io n s ,  th e  p r o p o r t io n  o f  h o u s e h o ld s  c o n n e c te d  t o  a  s e w e r , th e  p r o p o r t io n  o f  h o u s e h o ld s  
c o n n e c te d  to  e le c t r ic i t y .
S e c u re  T e n u r e : U N - H A B I T A T  h a s  d e v e lo p e d  a s e c u re  te n u re  in d e x  th a t  fo c u s e s  o n  th e  
c o m p a r a b i l i t y  w e ll -m e a s u re d  p h y s ic a l re p re s e n ta t io n  o f  s e c u re  te n u re  a n d  b e t te r  e s t im a te s  th e  
m a g n itu d e  o f  s lu m  d w e lle r s .  T h e  in d e x  is  a s ta t is t ic a l c o m p o s ite  p e rm a n e n c y  a n d  le g a l i t y  o f  
s t ru c tu re ,  a n d  access t o  w a te r ,  s e w e ra g e  a n d  e le c t r ic i t y  as re p o r te d  in  c i t y  s u m m a ry  d a ta  c o lle c te d  
b y  U N - H A B I T A T .  I t  re p re s e n ts  th e  p e rc e n ta g e  o f  h o u s e h o ld s  w i t h  in a d e q u a te  h o u s in g  a t t r ib u te s .  
T h e  p e rc e n ta g e  o f  h o u s e h o ld s  is  c o n v e r te d  d i r e c t ly  in t o  a  p o p u la t io n  e s t im a te  u s in g  th e  W o r ld  




A TH EORETICAL M ODEL OF EDUCATION PARTICIPATION
The theoretical model of education enrolment given here is a brief summary of the extended 
human capital model used in Bedi (2004), and followed by Vos and Ponce (2004) and De Jong 
and others (2006). This exposition’s objective is to highlight a key theoretical irregularity of the 
model and implications for any empirical estimation based on the model.
This model maximizes the utility of the household between two different choices, enrolment in 
education and non-enrolment. The utility for enrolment in education is based upon the 
consumption of the household and the benefits to be expected from the participation in education. 
As such the utility function is given as:
U  U (b  ci) (A2.1)
Where b is the expected benefits from education and c1 is the consumption level of the 
household under the decision to enrol in education. The subscript 1 is used to signify utility levels 
if  the decision to enrol is taken. The economic benefits associated with education are based upon 
a set of individual, household and community characteristics. Therefore:
b = B(h, w, z ) (A2.2)
Where h is the set of individual characteristics, w is the set of household characteristics 
and z is the set of school characteristics. Household income is expended upon consumption for 
the household and the costs of the provision of education, both economic and opportunity costs. 
The budget constraint is:
y  = c 1 + p (A2.3)
Where y  is household income and p  includes the economic and opportunity costs of 
schooling. If the individual does not enrol in education, the utility function is represented by 
consumption only:
U0 = U (c0) (A2.4)
Where the subscript 0 is the alternative without enrolment. Co is therefore consumption 
without enrolment. Similarly the budget constraint is given as:
y  = c 0 (A2.5)
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Therefore the choice to enrol in education depends on the values of the alternative utility 
scenarios. The maximization problem is then simply:
U* = Umax(U0,U1) (A2.6)
where U* is the maximized utility value.
In the specification of the utility functions to derive a decision rule and estimatable 
equation, the linear utility function is commonly used. Therefore the utility function when 
enrolment occurs is:
U1 = p b  + Pic1 + e1 (A2 7)
Rearranging the budget constraint in equation (A2.3) and substituting for consumption
gives:
U1 = p b  + p2(y  -  P) + e1 (A2.8)
Under the decision not to enrol, the utility function is:
U0 = p 2y  + eo (A2 9)
Thus the marginal utility of income is assumed to be equal for both alternatives of the 
education participation decision. The maximization decision is therefore that the enrolment 
occurs when U¡ is greater than Uo. :
p b +p2(y  -  p ) + e  > p2 y +eo (A2.10)
and rearranging, this becomes:
P1b P2-P + ( 1̂ - ^q) > 0 (A2.11)
Equation (A2.11) can be reinterpreted as a probit or logit model based on a sample of 
those who have enrolled or not in education. The equation becomes:
Pr(s = 1) = P r(p b  + p 2 p  + es ) > 0 (A2.12)
where s is the school enrolment decision and ss is the difference of the error terms of utility when 
enrolled and utility when not enrolled. Inserting the determination of benefits of education into 
equation (A2.12) gives:
Pr(s = 1) = Pr(p1 ̂  w, z) +p2 p + e ) > q (A2.13)
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Equation (A2.13) is the estimatable equation used in Bedi (2004), Vos and Ponce (2004) 
and De Jong and others (2006). The derivation of the equation has caused the household income 
or household consumption variable to be cancelled out. Each of the authors estimates this form of 
the equation without any income or consumption measure.
The model postulates from equation (A2.13) that the probability of enrolment is 
independent of household income or household consumption levels. The key aspect of the model 
that drives the transition from a theoretical model to an estimatable one is the linearity of the 
utility function. It is the linearity of the utility function that allows the income measure to drop 
from the equation. For example, using log utility functions in place of the linear functions would 
give:
U1 = ln(b  y  -  p )
U0 = ln(y )
After substituting consumption for the budget constraint. Maximizing the functions would 
give the following inequality:
U * = Umax(U0,U 1) = U1 i f  ln(b  y  -  p ) > ln(y )
(A2.16)
■•U * = U  when ln(b, y  -  p) -  ln(y) > 0 ( a?  17)
(A2.14)
(A2.15)
In this case, regardless of the nature of the relationship between y  and b, the income 
cannot be substituted from the inequality because of the additive nature of the variable p. Whilst 
this does not prove that the linear utility is the only function that permits the substitution of 
household income from the equation, it does show that there are a range of non-linear functions 
for which this cannot hold. Therefore the linear utility function is a very strong assumption in this 
model and crucial to the derived equations.
A second difficulty with the linear utility function in this model is that the use of the 
function implies that the marginal utility for individual and household characteristics is 
dependent upon enrolment. The linear utility functions for the enrolment and non-enrolment 
decisions under the model are reproduced below:
U1 = PP + & (y  -  p )  + S1 (A2.8)
U0 = Piy  + S0 (A2 9)
The equation for the determination of benefits from education b is also reproduced
b = B(h, w, z ) (A2.2)
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and substituted into Equation (A2.8) to give:
U1 = A B(K W z) + A (y  -  P) + S1 (A2.18)
where h is the set of individual characteristics, w is the set of household characteristics and z is 
the set of school characteristics. Under this model, the marginal utility of income is the same in
both decisions (whether the individual enrols or does not the marginal utility is still A  ).
In addition the utility function for those enrolling in education, U1 now contains a direct 
marginal utility with respect to h, w, and z . The utility function U0  has no such marginal utility 
because the benefits do not enter directly into the utility function as there is no education under 
this decision.
This difference leads directly to the conclusion that if  an individual enrols in education, 
they will obtain a marginal utility from their individual or household characteristics equal to
AB  (h  w  z) whilst if  the individual does not enrol in education, there is no marginal utility gain 
from having a certain individual or household characteristic.
To use an example, suppose that the benefits to education, explained as determinants of 
human capital gains, are dependent upon an individual characteristic such as sex (the sex 
indicator variable is included in every education estimation based upon this theoretical 
framework). Theoretically the argument is postulated that there is a gender difference from the 
derivation of benefits to education. However there would seem to be no reason for an individual 
to obtain greater satisfaction from being female if they enrol in education than the satisfaction or 
utility they feel by being female if they choose not to enrol in education.
In this theory the insertion of the benefits of education directly into the utility function is 
problematic and creates a range of difficulties about marginal utility across different choices. A 
far more efficient theoretical strategy would be to leave utility solely as conditional upon 
consumption and to rearrange the benefits and costs of education as factors that affect present and 
future consumption. This would be more in line with the Human Capital Theory of education as 
presented by Becker (1964). It also provides a natural explanation that the benefits of education 
do not affect utility directly, but affect the ability of an individual to raise their potential income 
levels, and therefore future consumption levels. Whilst the theoretical framework already 
illustrates the links that tie the benefits to future human capital gains (Bedi and Marshall, 2002), 
the current theoretical specification is an imperfect tool for this purpose.
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A nnex III
DETAILS OF CONSTRUCTION OF VARIABLES FROM  TH E HOUSEHOLD
SURVEYS
Education variables
Proportion o f  children aged 7 years w ho enter grade 1 (GR17EN R, N E T G R D 1): This was
calculated by constructing an indicator variable taking the value o f  1 i f  the child is aged 7 and 
attending grade 1, and the value o f  0 i f  the child aged 7 years is not attending grade 1. Children 
aged 7 but attending other grades w ere excluded from  the count in order to  m easure the rate o f 
the regular cohort entry. In addition an associated variable w as created that specified the net 
enrolm ent rate to  grade 1 in each m unicipality.
Education enrolm ent ratio, net, prim ary level, both  sexes (U N ESCO ) (PA G EEN R, N E T PR IM ): 
This w as calculated by taking the prim ary enrolm ent rate o f  all children o f  regular year cohorts 
from  7 years to  12 years. Children outside this age group and attending prim ary education w ere 
excluded from  the count. In addition, children w ith in  this age group but attending studies at other 
levels w ere excluded from  this count, for exam ple a large proportion o f  12 year olds that w ere 
studying secondary level education. A  dum m y variable taking a value o f  1 i f  the eligible child 
w as enrolled and 0 otherw ise w as constructed. A nother variable w as created from  the dum m y 
variable to  give the net prim ary level enrolm ent rate in each m unicipality.
E ducation enrolm ent ratio, net, secondary level, both sexes (SA G EEN R, N E T S E C ): A
dum m y variable w as constructed from  the 2001 survey for all those individuals o f  regular cohort 
age for secondary education, that is betw een 13 and 17 years inclusive. The variable took a value 
o f  1 i f  the individual w as enrolled in secondary education and a value o f  zero i f  they w ere not. 
Individuals in the age group but attending other levels o f  education w ere excluded from  the 
sample. In addition the net secondary enrolm ent rate w as derived from  the enrolm ent dum m y 
variable for each m unicipality.
E ducation enrolm ent ratio, net, tertiary level, both sexes (TAG EENR, N E T T E R T ): A  core
cohort age o f  tertiary  attendance w as set to  betw een 18 and 22 years inclusive. This age group
w ere considered the indicator target group o f  tertiary attendance in term s o f  the calculation o f  the 
dum m y variable for tertiary enrolm ent and thus the tertiary enrolm ent ratio. O ther age groups 
w ere om itted from  the sam ple as well as individuals in the target age group w ho w ere attending 
other levels o f  education. The variable took a value o f  1 i f  the individual w as enrolled in some 
form  o f  tertiary education and zero otherwise. The net tertiary enrolm ent rate is the rate o f 
enrolm ent for tertiary  level studies w ithin the selected group o f  individuals by m unicipality.
W age prem ium : A  m incer-type w age m odel w as estim ated based on various individual and 
household characteristics, for those m em bers o f  the survey earning wages. Fitted values w ere 
then  applied to  individuals in education, given different education levels, prim ary, secondary and 
tertiary. The prim ary/secondary w age prem ium  w as then calculated as the fitted w age value for 
secondary education divided by the w age value applying prim ary level education. The 
secondary/tertiary w age prem ium  w as calculated as the division o f  the tertiary fitted m odel by the 
secondary fitted m odel for each individual in the target cohort.
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E d u c a t io n  o f  H e a d  o f  H o u s e h o ld  ( A N O E S T J ,  A V S T U D J ) : T h is  v a r ia b le  is  a  m e a s u re  o f
th e  to ta l  y e a rs  o f  a p p ro v e d  s tu d y  th a t  h a v e  b e e n  c o m p le te d  b y  th e  h e a d  o f  e a c h  h o u s e h o ld .  
M u n ic ip a l  a v e ra g e s  w e re  a ls o  c re a te d .
C o s ts  o f  S c h o o l in g : C o s ts  o f  s c h o o lin g  w e re  m e a s u re d  f o r  e a c h  le v e l  o f  e d u c a t io n  as th e  s u m  o f  
th e  e n r o lm e n t  fe e s , u n i f o r m  e x p e n s e s , b o o k  e x p e n s e s  a n d  o th e r  u t i l i t i e s  re q u ir e d  f o r  s c h o o l.  
S u p p ly  o f  s c h o o l b a g : T h is  is  a  m e a s u re  o f  th e  p r o p o r t io n  o f  s c h o o ls  in  th e  m u n ic ip a l i t y  th a t  
s u p p ly  s o m e  f o r m  o f  s c h o o l b a g , w h ic h  in c lu d e s  s c h o o l b o o k s  a n d  te a c h in g  m a te r ia ls .
P r o v is io n  o f  F o o d  a t  p la c e  o f  e d u c a t io n : T h is  is  a m e a s u re  o f  th e  p r o p o r t io n  o f  s c h o o ls  in  th e
m u n ic ip a l i t y  t h a t  p ro v id e  fo o d  t o  t h e i r  s tu d e n ts  a t  s o m e  p o in t  in  th e  s c h o o l w e e k .
S tu d e n t  T e a c h e r  r a t io : T h e  s tu d e n t te a c h e r  r a t io  w a s  c re a te d  as a n  a v e ra g e  f o r  e a c h  m u n ic ip a l i t y  
g iv e n  th e  s tu d e n t te a c h e r  r a t io s  in  e a c h  s c h o o l.  T h is  w a s  d o n e  f o r  e a c h  d i f f e r e n t  le v e l o f  
e d u c a t io n .  7  y e a r  o ld  e n r o lm e n t  u s e d  th e  p r im a r y  s c h o o l s tu d e n t te a c h e r  r a t io .
T e a c h e r  s c h o o l r a t io : T h e  te a c h e r  s c h o o l r a t io  m e a s u re s  th e  n u m b e r  o f  te a c h e rs  f o r  e a c h  s c h o o l.  
T h is  is  th e r e fo r e  a p r o x y  m e a s u re  f o r  s c h o o l s iz e . M u n ic ip a l  a v e ra g e s  w e re  a ls o  d e r iv e d .
H ealth variables
C h i ld  m o r t a l i t y  ra te , th e  n u m b e r  o f  c h i ld re n  u n d e r  5 y e a rs  o f  ag e  w h o  d ie d  p e r  1 0 0 0  l i v e  b ir th s  
( M O R T R A T E ) : U s in g  th e  L S M S  2 0 0 1  s u rv e y  a n d  c a lc u la t in g  f r o m  m o r t a l i t y  q u e s t io n s , th e  
n u m b e r  o f  c h i ld re n  u n d e r  5 a t  ag e  o f  d e a th  a n d  h a v in g  d ie d  in  th e  la s t  5 y e a rs  o f  th e  s u r v e y  w e re  
c o u n te d  a n d  th e n  c o m p a re d  w i t h  th e  to ta l  n u m b e r  o f  c h i ld re n  h a v in g  b e e n  b o rn  in  th e  la s t  5 y e a rs  
o f  th e  s u rv e y .  R a te s  w e re  th e n  c a lc u la te d  f o r  e a c h  m u n ic ip a l i t y  as a n  a lte r n a t iv e  t o  th e  d u m m y  
in d ic a to r  v a r ia b le .
A c c e s s  to  h e a lth  s e rv ic e s : A c c e s s  t o  h e a lth  s e rv ic e s  w a s  c a lc u la te d  f r o m  th e  s u rv e y  as th e
a v e ra g e  t im e  in  m in u te s  th a t  i t  ta k e s  f o r  a  h o u s e h o ld  m e m b e r  t o  re a c h  th e  n e a re s t  h e a lth  s e rv ic e  
c e n tre , w h e th e r  h o s p ita l ,  c l in ic  o r  o th e r  s e rv ic e .
W a t e r  a n d  S a n ita t io n  V a r ia b le s
M D G W A T E R ,  W a te r ,  p e rc e n ta g e  o f  p o p u la t io n  w i t h  access t o  im p r o v e d  d r in k in g  w a te r  s o u rc e s  
( W H O ,  U N I C E F ) : A  d u m m y  v a r ia b le  w a s  c re a te d  ta k in g  a v a lu e  o f  1 i f  a  h o u s e h o ld  h a d  access 
t o  im p r o v e d  d r in k in g  w a te r  s o u rc e s  a n d  0  o th e r w is e .  A c c e s s  t o  s a fe  w a te r  w a s  d e f in e d  as 
in c lu d in g  p ip e d  w a te r  t o  th e  p ro p e r ty ,  a  p u b lic  access p o in t ,  o r  a  p u b lic  o r  p r iv a te  w e l l  ( v a lu e s  1 
t o  4  in  th e  q u e s t io n  A B A S A G U A ) .  I n  a d d it io n  o n ly  th o s e  w h o  l i v e d  le s s  th a n  1 0 0 0  m e tre s  a w a y  
( le s s  th a n  o r  e q u a l t o  1 0 0 0  in  q u e s t io n  D I S T M T 0 2 )  w e re  in c lu d e d .  T h e re  is  a ls o  a  q u e s t io n  in  th e  
s u rv e y  a b o u t th e  t r e a tm e n t  o f  th e  w a te r  ( T R A T A G U A ) .  T h is  c o u ld  b e  u s e d  t o  d e f in e  tre a te d  
w a te r  th a t  is  d r in k a b le  b u t  th e  te c h n ic a l d e f in i t io n  o f  access t o  s a fe  d r in k in g  w a te r  f o r  th e  M D G  
o n ly  s p e c if ie s  s a fe  in  te rm s  o f  h o w  th e  h o u s e h o ld  o b ta in s  th e  w a te r ,  n o t  w h e th e r  th e  w a te r  is  
t re a te d  o r  n o t .  I n  a d d it io n  th e  q u e s t io n  a b o u t t re a tm e n t  d o e s  n o t  s p e c ify  w h e th e r  th e  t re a tm e n t  
w a s  n e e d e d  in  te rm s  o f  m in im u m  s ta n d a rd s . F o r  e x a m p le ,  s o m e  7 6  p e rc e n t o f  p e o p le  d o  n o t  t r e a t  
t h e i r  w a te r ,  b u t  th e  s u rv e y  c a n n o t  d i f f e r e n t ia te  b e tw e e n  th o s e  th a t  d o  n o t  t r e a t  th e  w a te r  b e c a u s e  i t  
is  a lre a d y  t re a te d  a n d  th o s e  th a t  d o  n o t  t r e a t  th e  w a te r  o u t  o f  c h o ic e  a n d  a c c e p t p o s s ib ly  h ig h e r  
r i s k  o f  d is e a s e  a n d  i l ln e s s .  R e c o d in g  w a s  d o n e  f o r  th e  1 9 9 8  t o  e n s u re  d a ta  v a lu e s  c o rre s p o n d e d  
w i t h  th o s e  f r o m  th e  2 0 0 1  s u rv e y .
M D G S A N I T A T I O N ,  S a n ita t io n ,  p e rc e n ta g e  o f  p o p u la t io n  w i t h  access t o  im p r o v e d  s a n ita t io n  
( W H O ,  U N I C E F ) : A  d u m m y  v a r ia b le  w a s  c re a te d  ta k in g  a v a lu e  o f  1 i f  a  h o u s e h o ld  h a d  access 
t o  im p r o v e d  s a n ita t io n  a n d  0  o th e rw is e .  A c c e s s  t o  im p r o v e d  s a n ita t io n  w a s  d e f in e d  as a t re a te d  
t o i l e t  o r  la t r in e ,  a  t o i l e t  o r  la t r in e  w i t h  access to  p ip in g  f o r  b la c k  w a te r  o r  o n e  w i t h  a  s e p tic  s y s te m  
(v a lu e s  2  t o  4  in  th e  q u e s t io n  S E R H I G ) .  U n t re a te d  la t r in e s  a n d  la t r in e s  th a t  d is c h a rg e d  w a s te  in t o  
r iv e r s  o r  o p e n  p its  w e re  c o n s id e re d  in a d e q u a te  ( v a lu e s  1 a n d  5 in  th e  q u e s t io n  S E R H I G ) .  W h i l s t  
th e  q u e s t io n  S E R H I G E X  a s k s  i f  th e  s a n ita t io n  fa c i l i t ie s  a re  s h a re d , o n ly  th o s e  th a t  a re  p u b lic  a re
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considered inadequate w hilst shared are considered adequate according to  the indicator 
definition. Therefore the question could not be used because it could not identify betw een shared 
and public facilities. The questionnaire for 1998 does not differentiate betw een toilets or latrines 
that are untreated and those that are treated. U sing the m atched households betw een 2001 and 
1998, the households that had treated toilets and latrines in 2001 w ere assum ed to  have had them  
in 1998 and the 1998 data w as subdivided accordingly.
W SSER V , Services o f  w ater and san itation : The survey data contained no inform ation about the 
direct provision o f  w ater and sanitation services. This variable w as constructed from  the question 
CTO PA G A  w hich asked about the cost o f  the last m onths w ater that w as consum ed by the 
household. G iven that m any households (around 48 percent in 2001) do not pay for w ater due to 
a variety  o f  reasons (such as w ater charges being included in the rent), the cost o f  w ater was 
determ ined for these households by estim ating a basic linear regression for each survey year o f 
the cost o f  w ater on the num ber o f  people in the household and dum m y variables for each 
m unicipality. The predicted values w ere applied to households w ithout data for the am ount paid. 
OTHINF, O ther Infrastructure: A  proxy variable w as created for other infrastructure based upon 
the rent paid for the property in w hich the household lives. Those observations m issing values for 
rent w ere replaced w ith the im puted rent data asked in the survey. G iven that there is a proportion 
o f  the sam ple from  each survey that do not pay rent or have not declared the im puted rent, these 
observations w ere replaced w ith predicted values o f  rent based upon a linear regression m odel 
using the existing sam ple o f  those w ho paid rent against the per capita consum ption level, 
num ber o f  people in the household, m unicipality and the num ber o f  room s in the place in w hich 
the individual lives. The regression w as corrected for heteroskedasticity.

57
A n n e x  I V  
ESTIM ATION RESULTS
T a b l e  I V . 1
E S T I M A T I O N  R E S U L T S  F O R  E N R O L M E N T  I N  E D U C A T I O N ,  G R A D E  1 , 2 0 0 1
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
C o e f f i c i e n t P  v a l u e C o e f f i c i e n t P  v a l u e
S e x  ( 1  =  M a l e ) - 0 . 5 4 0 7 0 . 1 3 8 - 0 . 6 8 8 4 0 . 6 9 2
L o g  C o n s u m p t i o n  p e r  c a p i t a 0 . 6 6 4 2 0 . 0 3 7 0 . 0 0 0 1 0 . 3 4 3
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 1 0 8 6 0 . 0 0 9 0 . 0 4 5 7 0 . 4 5 5
A v e r a g e  in f r a s t r u c t u r e  i n  m u n i c i p a l i t y 0 . 0 0 0 2 0 . 7 6 1 - 0 . 0 0 2 1 0 . 0 0 1
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 5 9 1 9 0 . 0 5 0 0 . 0 1 9 3 0 . 9 3 3
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 0 8 8 8 0 . 0 4 9 0 . 1 1 1 9 0 . 1 0 3
W a g e  p r e m i u m  f o r  s e c o n d a r y / t e r t i a r y 3 . 1 8 7 1 0 . 2 5 8 2 . 1 7 3 1 0 . 0 8 1
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e 0 . 0 0 0 9 0 . 3 6 2 0 . 0 0 0 5 0 . 1 8 7
L o g  e d u c a t i o n  s p e n d i n g - 1 . 2 9 8 8 0 . 6 7 2 - 0 . 2 7 4 5 0 . 7 8 8
L o g  e d u c a t i o n  s p e n d i n g  s q u a r e d 0 . 1 7 5 6 0 . 5 6 1 0 . 0 3 7 6 0 . 7 3 3
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l - 0 . 0 0 2 9 0 . 9 1 7 0 . 0 0 6 0 0 . 6 7 0
P r o p o r t i o n  o f  c h i l d r e n  t h a t  r e c e i v e  s c h o o l  b a g 0 . 8 3 9 1 0 . 3 6 2 1 . 0 4 0 5 0 . 0 0 2
A v e r a g e  t e a c h e r s  p e r  s c h o o l 0 . 0 9 2 6 0 . 1 4 1 0 . 2 0 9 8 0 . 0 0 0
A v e r a g e  s t u d e n t  t e a c h e r  r a t io - 0 . 0 2 9 1 0 . 3 1 0 0 . 0 0 1 0 0 . 9 0 9
P r o p o r t i o n  o f  c h i l d r e n  a t t e n d e d  b y  s c h o o l 1 . 9 7 9 1 0 . 0 4 7 0 . 1 7 0 8 0 . 6 4 9
C o n s t a n t - 7 . 8 1 7 0 0 . 3 3 4 - 3 . 0 8 1 0 0 . 3 7 1
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
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E S T I M A T I O N  R E S U L T S  F O R  E N R O L M E N T  I N  E D U C A T I O N ,  P R I M A R Y  L E V E L ,  2 0 0 1
Table IV.2
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
C o e f f i c i e n t P  v a l u e C o e f f i c i e n t P  v a l u e
S e x  ( 1  =  M a l e ) - 0 . 5 3 5 0 . 0 2 1 - 1 . 1 2 2 0 . 4 2 3
L o g  C o n s u m p t i o n  p e r  c a p i t a 0 . 8 4 6 0 . 0 0 0 0 . 0 0 0 0 . 5 6 5
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 0 4 7 0 . 0 8 0 0 . 0 1 1 0 . 8 2 9
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d 0 . 0 0 0 0 . 5 3 6 - 0 . 0 0 2 0 . 0 0 1
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 5 2 3 0 . 0 0 1 - 0 . 0 9 6 0 . 6 5 4
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 1 3 7 0 . 0 0 0 0 . 0 8 8 0 . 1 2 6
W a g e  p r e m i u m  f o r  s e c o n d a r y / t e r t i a r y  e d u c a t i o n 3 . 9 5 1 0 . 0 7 9 2 . 6 5 1 0 . 0 2 7
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e 0 . 0 0 0 0 . 9 6 4 0 . 0 0 0 0 . 7 9 4
L o g  e d u c a t i o n  s p e n d i n g - 1 . 4 0 1 0 . 3 8 3 - 0 . 9 2 0 0 . 2 8 8
L o g  e d u c a t i o n  s p e n d i n g  s q u a r e d 0 . 2 0 9 0 . 1 9 2 0 . 1 1 4 0 . 2 1 2
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l 0 . 0 0 4 0 . 8 6 6 - 0 . 0 0 4 0 . 7 7 3
P r o p o r t i o n  o f  c h i l d r e n  t h a t  r e c e i v e  s c h o o l  b a g 1 . 6 0 7 0 . 0 0 3 1 . 0 9 9 0 . 0 0 0
A v e r a g e  t e a c h e r s  p e r  s c h o o l 0 . 0 1 4 0 . 6 7 4 0 . 1 6 7 0 . 0 0 0
A v e r a g e  s t u d e n t  t e a c h e r  r a t i o - 0 . 0 3 9 0 . 0 0 6 - 0 . 0 0 6 0 . 4 3 6
P r o p o r t i o n  o f  c h i l d r e n  a t t e n d e d  b y  s c h o o l  m e a l 1 . 4 1 6 0 . 0 0 9 - 0 . 2 0 1 0 . 4 7 6
C o n s t a n t - 8 . 7 8 8 0 . 0 5 8 - 0 . 2 1 2 0 . 9 3 9
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
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E S T I M A T I O N  R E S U L T S  F O R  E N R O L M E N T  I N  E D U C A T I O N ,  S E C O N D A R Y  L E V E L ,  2 0 0 1
Table IV.3
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
C o e f f i c i e n t P  v a l u e C o e f f i c i e n t P  v a l u e
S e x  ( 1  =  M a l e ) - 1 . 6 5 3 4 0 . 0 0 4 2 . 8 6 8 6 0 . 0 6 6
L o g  C o n s u m p t i o n  p e r  c a p i t a 0 . 9 7 3 6 0 . 0 0 0 0 . 0 0 0 0 0 . 7 7 3
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 0 2 8 9 0 . 1 3 8 - 0 . 0 6 0 2 0 . 4 5 8
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y 0 . 0 0 0 6 0 . 0 1 3 - 0 . 0 0 0 3 0 . 6 3 2
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 0 9 4 5 0 . 7 9 8 0 . 4 9 9 5 0 . 0 9 3
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 1 0 5 5 0 . 0 0 0 0 . 0 6 0 0 0 . 3 6 8
W a g e  p r e m i u m  f o r  s e c o n d a r y / t e r t i a r y  e d u c a t i o n 2 . 0 9 7 1 0 . 0 2 6 - 1 . 1 8 9 1 0 . 1 1 3
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e - 0 . 0 0 0 3 0 . 4 7 5 0 . 0 0 0 2 0 . 3 9 5
L o g  e d u c a t i o n  s p e n d i n g 1 . 1 8 3 9 0 . 1 5 3 - 0 . 5 1 4 8 0 . 3 5 9
L o g  e d u c a t i o n  s p e n d i n g  s q u a r e d - 0 . 0 5 5 9 0 . 5 0 0 0 . 0 8 3 1 0 . 1 6 1
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l 0 . 0 0 3 4 0 . 8 3 9 0 . 0 0 0 7 0 . 9 6 8
A v e r a g e  t e a c h e r s  p e r  s c h o o l - 0 . 0 0 4 2 0 . 4 5 4 0 . 0 0 9 9 0 . 0 0 2
A v e r a g e  s t u d e n t  t e a c h e r  r a t io - 0 . 0 1 7 2 0 . 0 0 1 0 . 0 0 6 0 0 . 2 7 5
C o n s t a n t - 1 5 . 9 3 7 3 0 . 0 0 0 0 . 3 6 9 7 0 . 8 1 9
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
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Table IV.4
ESTIM A TIO N  RESULTS FO R  EN RO LM ENT IN  EDUCATION, TERTIARY  LEVEL, 2001
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
C o e f f i c i e n t P  v a l u e C o e f f i c i e n t P  v a l u e
S e x  ( 1  =  M a l e ) - 1 . 1 9 7 7 - 1 . 3 1 0 4 . 2 0 5 6 0 . 0 3 6
L o g  C o n s u m p t i o n  p e r  c a p i t a 2 . 0 6 9 5 1 1 . 3 6 0 0 . 0 0 0 1 0 . 4 4 5
N u m b e r  o f  m e m b e r s  o f  t h e  h o u s e h o l d 0 . 1 0 6 4 3 . 7 9 0 - 0 . 0 9 3 8 0 . 3 4 0
A v e r a g e  i n f r a s t r u c t u r e  i n  m u n i c i p a l i t y  ( m e a s u r e d  b y - 0 . 0 0 0 2 - 4 . 6 8 0 - 0 . 0 0 0 1 0 . 9 1 4
P r o p o r t i o n  o f  p o p u l a t i o n  l i v i n g  i n  u r b a n  a r e a 0 . 4 9 3 6 0 . 9 0 0 0 . 1 2 7 6 0 . 7 7 4
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d 0 . 0 7 5 9 3 . 7 8 0 0 . 0 5 0 9 0 . 5 5 2
W a g e  p r e m i u m  f o r  s e c o n d a r y / t e r t i a r y  e d u c a t i o n 1 . 4 4 4 7 1 . 0 2 0 0 . 2 5 4 5 0 . 7 5 5
A v e r a g e  m u n i c i p a l  m o r t a l i t y  r a t e 0 . 0 0 0 9 1 . 9 1 0 0 . 0 0 0 1 0 . 7 4 0
L o g  e d u c a t i o n  s p e n d i n g 1 . 0 6 6 8 0 . 6 6 0 - 0 . 0 4 2 2 0 . 9 1 1
L o g  e d u c a t i o n  s p e n d i n g  s q u a r e d - 0 . 0 6 9 8 - 0 . 4 8 0 0 . 0 3 1 5 0 . 4 8 6
A v e r a g e  t i m e  t o  t r a v e l  t o  s c h o o l 0 . 0 0 4 2 0 . 1 6 0 0 . 0 0 3 3 0 . 8 1 5
C o n s t a n t - 2 7 . 8 0 3 6 - 6 . 1 0 0 - 5 . 2 2 0 5 0 . 0 0 1
S o u r c e :  A u t h o r ’ s  c a l c u l a t i o n s  b a s e d  o n  I N E C  h o u s e h o l d  s u r v e y  L S M S  2 0 0 1  N i c a r a g u a .
T a b l e  I V . 5
E S T I M A T I O N  R E S U L T S  F O R  C H I L D  M O R T A L I T Y ,  2 0 0 1
( V a r i o u s  u n i t s )
V a r i a b l e
L o g i t  m o d e l P r o p o r t i o n s  m o d e l
C o e f f i c i e n t P  v a l u e C o e f f i c i e n t P  v a l u e
A v e r a g e  t i m e  t o  t r a v e l  t o  n e a r e s t  h e a l t h  c a r e  f a c i l i t y  
( m i n u t e s ) 0 . 0 0 0 2 0 . 8 5 6 0 . 0 0 0 8 0 . 9 4 1
A c c e s s  t o  w a t e r  ( p e r c e n t ) - 0 . 4 5 3 9 0 . 1 3 7 - 1 . 4 7 6 2 0 . 1 0 9
A c c e s s  t o  s a n i t a t i o n  ( p e r c e n t ) - 0 . 3 5 9 4 0 . 3 0 9 - 1 . 3 8 8 5 0 . 1 0 8
H o u s e h o l d  p e r  c a p i t a  c o n s u m p t i o n  ( C o r d o b a s  p e r  
m o n t h ) - 0 . 0 0 0 1 0 . 0 3 4 - 0 . 0 0 0 2 0 . 0 5 9
I n f r a s t r u c t u r e  p r o x y  ( R e n t a l  c o s t  p e r  m o n t h  i n  
h o u s e h o l d ) 0 . 0 0 0 5 0 . 1 0 5 0 . 0 0 1 7 0 . 0 7 2
R e g i o n  ( p e r c e n t  u r b a n ) 0 . 7 3 4 5 0 . 0 1 9 2 . 6 5 7 4 0 . 0 0 0
N u m b e r  o f  m e m b e r s  o f  h o u s e h o l d - 0 . 1 3 3 7 0 . 0 0 3 - 0 . 0 0 4 6 0 . 9 8 0
S e x  ( p e r c e n t  m a l e ) 0 . 7 1 8 4 0 . 0 1 1 2 . 9 6 2 6 0 . 2 6 6
A v e r a g e  y e a r s  o f  s t u d y  o f  h e a d  o f  h o u s e h o l d - 0 . 0 6 5 5 0 . 1 3 5 0 . 0 1 8 2 0 . 9 0 6
Source: A uthor’s calculations based on  INEC household survey LSM S 2001 Nicaragua.
